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20.  ABSTRACT  (Cont.) 

both  from  industry  and  the  Air  Force,  were  assembled  in  Dayton,  Ohio  for  a 
three-day  Lower  Cost  ECM  Conference.  This  report  summarizes  their  findings. 

In  addition  to  presenting  the  moderator's  reports  from  each  of  the  ten 
conference  panels,  the  report  includes  the  recommendations  of  the  executive 
steering  committee.  This  committee  was  convened  after  the  conclusion  of  the 
conference.  Lists  of  conference  members  and  executive  steering  committee 


members  are  included  in  the  appendices. 
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This  report  contains  the  principal  findings  of  the  Lower  Cost  ECM 
Conference  sponsored  by  Hq  USAF,  Director  of  Reconnaissance  and  Electronic 
Warfare  and  hosted  by  the  Air  Force  Avionics  Laboratory.  The  meeting  was 
held  on  February  4,  5,  6,  1975  at  the  Dayton  Convention  Center,  Dayton,  Ohio, 
and  brought  together  one  hundred  and  sixty-seven  recognized  leaders  in  the 
ECM  field  from  industry  and  government  representing  more  than  fifty-two 
industrial  firms  and  all  the  military  services. 


Ten  panels  were  established  prior  to  the  conference,  each  having  a 
specific  charter  and  each  having  prepared  questions  to  address.  Panel  members 
were  required  to  develop  as  large  a data  base  as  possible  in  preparation. 


The  ten  panels  were: 

• Transmit  Tubes 

• Receivers 

• Antennas 

• Microwave  Components 

• Power  Supplies 

Prior  to  the  conference,  an  Executive 
composed  of  senior  Air  Force  people, 
conference  and  formulated  a priority 
contains  those  recommendations. 


• Solid  State  Power  Amplifirrs 

• Logic  Systems 

• Aircraft  Integration 

• Systems  Design 

• Infrared  Systems 

Steering  Coimittee  was  established 
This  group  reviewed  the  results  of  the 
ist  of  recommendations.  This  report 


Conference  chairman  was  Mr.  George  Nicholas,  Air  Force  Avionics 
Laboratory,  and  Conference  organizer  was  Mr.  Floyd  Piric,  Air  Force  Avionics 
Laboratory.  "Calspan  Corporation  supported  the  conference  throughout  under 
contract  F33615-73-C-4112.  Special  credits  go  to  Messrs.  L.L.  Gilbert, 

A.J.  Dearlove,  T.H.  Mellenger,  and  D.R.  Bitikofer. 

Publication  of  this  report  does  not  constitute  Air  Force  endorsement 
of  the  findings  and  conclusions.  It  is  published  for  the  exchange  and  stimu- 
lation of  ideas. 
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Section  I 

INTRODUCTION  AND  SUMMARY 


I . INTRODUCTION 

In  today's  environment,  the  Department  of  Defense  finds  itself 
confronted  with  a two-pronged  dilemma.  On  the  one  hand,  the  cost  of  supplying 
men  and  equipment  to  our  armed  forces  is  rapidly  increasing,  and,  on  the  other 
hand,  DOD  budget  requests  are  subjected  to  increasingly  closer  scrutiny.  This 
dilemma  becomes  particularly  acute  for  the  Air  Force  in  the  area  of  ECM.  To 
counter  emerging  threats  requires  increasingly  sophisticated  equipment,  but, 
since  we  currently  are  not  actively  engaged  in  a war,  the  need  for  such  equip- 
ment is  often  questioned.  To  begin  to  resolve  this  problem,  the  Air  Force 
Avionics  Laboratory  has  undertaken  a task  to  isolate  tlie  ECM  cost  drivers  and 
to  formulate  specific  cost  saving  recommendations. 

More  specifically,  the  objective  of  this  study  was  to  generate  a set 
of  recommendations  which,  when  implemented  by  the  Air  Force,  would  lower  ECM 
acquisition  costs.  To  achieve  this  objective  required  a four-step  process: 

(1)  specify  and  collect  required  data,  (2)  isolate  cost  drivers  (technical  and 
nontechnical),  (3)  derive  a set  of  performance  vs  cost  relationships,  and 
(4)  estimate  the  cost  savings  in  ECM  procurement  associated  with  technology 
improvements  and  generate  specific  recommended  actions. 

Data  collection  and  specification  is  in  itself  a formidable  under- 
taking. The  reluctance  of  contractors  and  Air  Force  program  offices  to  dis- 
close data,  tlie  differences  in  accounting  systems,  tlic  poor  quality  and  reli- 
ability of  some  record  keeping,  all  combine  to  make  data  collection  extremely 
difficult . 

To  simplify  the  data  collection  process,  the  Air  Force  Avionics 
Laboratory  organized  a three-day  Lower  Cost  ECM  Conference  (February  4,  5,  6, 
1975)  whicli  brought  together  tlie  leaders  in  tlie  ECM  field  from  botli  industry 
and  government.  Tlie  primary  purpose  of  the  conference  was  to  identify  cost 
drivers  at  the  system,  subsystem,  and  component  level.  In  addition,  a set  of 
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action  items  which  would  he  of  value  to  the  Air  Force  were  identified.  In 
general,  specific  cost  data  were  not  provided  at  the  conference,  but  the 
sources  and  points  of  contact  to  obtain  specific  data  were  identified.  The 
conference,  by  bringing  together  so  many  representatives  of  the  ECM  community, 
has  laid  the  groundwork  for  a continuing  and  meaningful  dialogue  between  the 
Air  Force  and  industry  which  should  icsult  in  lowering  future  ECM  costs. 

The  conference  was  held  at  tlie  Dayton  Convention  Center  utilizing 
ten  conference  rooms  for  panel  sessions  and  the  auditorium  for  joint  sessions. 

Ten  panels  had  been  establislied  prior  to  tlie  conference,  eacli  composed  of 

people  from  government  and  industry  having  known  expertise  in  areas  that  are 

of  prime  importance  in  lowering  costs.  Each  panel  had  a specific  purvieiv,  | 

and  each  utilized  prepared  questions  as  a guide  for  discussions.  Panel  members  i 

i 

had  been  requested  to  develop  as  large  a data  base  as  possible  before  coming  j 

to  the  conference.  Each  panel  met  for  tliree  days,  and  tlien  eacli  Panel  i 

Moderator  provided  a summary  of  key  findings  to  the  Executive  Steering  Committee 
and  all  the  panel  members  in  a joint  session.  See  Appendix  C for  the  agenda. 

The  conference  was  keynoted  by  M/G  Lovic  P.  Hodnette,  Director,  Reconnaissance 
and  Electronic  Warfare,  IISAF.  General  Hodnette  outlined  the  critical  nature 
of  escalating  costs  of  avionics  and  the  crucial  role  of  the  conference  in 
identifying  recommended  actions.  The  ten  panels  were: 

Transmit  Tubes 
Receivers 

Antennas,  Radomes  and  Transmission  Lines 
Microwave  Components 
P^'..'or  Supplies 

Solid  State  Power  Amplifiers 
Logic  Systems 
Aircraft  Integration 
System  Design 
IR  Systems 
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This  report  is  confined  exclusively  to  the  findings  of  tlie  Lower 
Cost  ECM  Conference.  Continuing  efforts  to  collect  data  and  quantify  the 
potential  cost  payoff  for  a few  specific  Air  Force  R&D  applications  are  in 
progress.  The  major  effort  in  quantifying  cost  payoffs  will  occur  during 
FY-76  under  a separate  analysis  program. 

The  remainder  of  this  section  is  devoted  to  summarizing  the  findings 
of  the  Lower  Cost  ECM  Conference.  Section  II  contains  th.  reports  from  each 
individual  panel.  These  reports  were  prepared  by  or  in  concurrence  with  the 
panel  moderators.  Section  III  takes  a brief  look  at  Lower  Cost  ECM  from  a 
systems  viewpoint.  Section  IV  contains  the  recommendations  of  the  executive 
steering  committee.  Appendix  A is  a list  of  conference  panel  members.  Appen- 
dix B contains  a list  of  Executive  Steering  Committee  members. 

2.  SUMMARY 

a.  General 

Since  the  panels  dealt  with  generic  systems,  no  dollar  values  were 
placed  on  the  cost  drivers  or  savings  that  would  accrue  from  their  recom- 
mendations. However,  in  some  instances,  percentage  values  were  placed  on 
cost  items  which  enabled  the  panels  to  highlight  areas  where  the  greatest 
savings  could  be  realized. 

Each  panel  dealt  with  costs  in  their  specific  area  without  neces- 
sarily relating  them  to  the  overall  fly-away  or  life  cycle  costs.  The  impli- 
cations of  this  autonomous  approach  are  that  the  highest  cost  drivers  may  not 
be  specifically  identified.  For  example,  an  80%  cost  savings  in  one  area  may 
only  reflect  a small  fly-away  cost  savings,  whereas  a 10%  cost  savings  in 

another  area  may  reflect  a greater  fly-away  cost  savings.  To  put  things  in 

★ 

their  proper  perspective,  the  results  of  a previous  .'tudy  are  cited.  This 
study  dealt  with  existing  systems  and  identified  costs  at  the  subsystem  level. 


★ 

"Summary  Report  on  the  Air  Force/ Industry  Electronics  Manufacturing  Cost 
Reduction  Study,"  Technical  Memorandum  AFML-TM-LT-75 , 15  July  1974. 


Listed  below  (from  that  study)  are  the  average  subsystem  costs  for  the  ALQ-87, 
-94,  -117,  and  -119. 


% of  Total  System 

Item  Acquisition  Cost 

Power  Supplies  16.7 

Microwave  TWT  29.9 

Solid  State  Microwave  Components  3.7 

RF  Components  15.0 

Processor/Programmer  13.2 

Structure/Chassis  10.5 

Systems  Integration  . 11.0 

It  can  be  seen  from  the  list  that  the  microwave  area  Cn^'Ts,  RF 
components)  and  power  supplies  (for  TWTs)  comprise  the  bulk  of  the  F.CM  system 
costs.  The  Lower  Cost  ECM  Conference  had  a panel  devoted  to  each  of  these 
areas,  so  that  they  were  thoroughly  covered.  By  referring  to  the  table,  the 
reader  can  place  the  panels'  recommendations  in  perspective  when  attempting  to 
relate  cost  savings  of  each  panel  to  overall  system  acquisition  cost  savings. 

The  panels  worked  autonomously  so  that  their  recommendations  only 
reflect  upon  the  cost  drivers  peculiar  to  that  panel.  However,  a review  of 
each  panel  indicates  that  the  same  cost  drivers  are  common  to  many  of  them. 
Some  of  the  more  common  cost  drivers  identified  are: 

Threat  Definition 
Standardization  (lack  of) 

Sped  fi  cat  ions 
Procurement  Procedures 
Test  Equipment 


b.  Tiireat  Definition 

. Threat  definition  is  a prime  cost  driver  if  the  designer  has  to 

design  to  worst-case  threat  definitions  or  to  a fixed  set  of  performance  speci- 
fications. The  generation  of  a set  of  reference  scenarios  (part  of  a bid  set) 
is  recommended  because  it  allows  the  designer  flexibility  in  establishing 
design  parameters  and  weighing  the  tradeoffs  involved.  A final  F.CM  system 
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design  is  then  established  by  the  manufacturer  rather  than  the  Air  Force. 

This  design  will  then  reflect  the  lowest-cost  set  of  performance  parameters 
which  can  be  selected  and  still  defeat  the  threats  to  the  level  set  by  the 
Air  Force's  analyses.  The  Air  Force  maintains  control  by  specifying  minimum 
performance  parameters,  minimum  growth  capabilities,  and  effectiveness  levels 
to  be  obtained  in  pertinent  scenarios. 

c.  Standardization  i 

Most  of  the  EG4  panels  cited  standardization  as  a method  for  achieving 
future  system  cost  reductions.  Below  is  a compilation  of  ^he  standardization 
recommendations  of  the  various  panels. 

Lack  of  standardization  is  a current  problem  associated  with  microwave 
components.  Component  package  size  standards  are  practically  nonexistent,  with  i 

almost  each  component  "buy"  resulting  in  a package  redesign.  "Catalog"  items  i 

are  not  truly  available.  It  is  recommended  that  standard  package  sizes  be  i 

established  for  use  with  components.  Other  areas  where  standardization  should 
be  applied  include  TWT  amplifiers  and  power  supplies,  microwave  integrated 

1 

circuits,  antennas,  microprocessors,  and  logic  design.  j 

It  is  recommended  that  AFAL  perform  a study  to  determine  the  cost  j 

savings  that  could  be  attained  in  production  by  standardizing  Tlv'Ts  and  a power  j 

supply  matched  to  the  tube  design  parameters.  Emphasis  should  be  placed  on  ] 

the  lower- level  TWTs.  i 

It  is  recommended  that  AFAL  initiate  a program  to  study  the  suit-  | 

ability  of  standardizing  high-usage  RF  and  microwave  circuits  and  components  j 

in  integrated  configurations.  Each  ECM  system  has  a multitude  of  low-level  | 

RF  and  video  circuits  and  components  which,  if  properly  integrated  into  MIC  ’ 

(microwave  integrated  circuit)  modules,  could  effectively  reduce  cost,  volume,  j 

and  power  as  a retrofit  to  present  equipments  (when  modified  for  performance  j 

improvement).  The  modules  would  also  form  the  basis  for  standardized  low-level  ' 

modules  providing  such  functions  as  RF  amplification,  modulation,  signal  sources,  j 

mixers,  etc.  j 
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Recommendations  of  the  Systems  Panel  included  compiling  a catalog  of 


selected  industry-developed  MIC  modules  and  development  cf  an  interim 
standardized  list  of  MIC  modules.  Cost  savings  over  previous  lump  constant 
and  hybrid  MIC  circuits  is  unknown  but  can  be  high  depending  on  the  extent  of 
the  standardization. 

Standardization  would  reduce  ECM  antenna  costs  by  eliminating  Non- 
Recurring  Engineering  (NRE)  and  testing  costs  (which  typically  average  $50,000 
per  antenna)  and  by  increasing  production  lot  size  by  decreasing  the  number 
cf  antenna  models  which  have  nearly  the  same  performance  characteristics. 
Specific  recommendations  include: 

• ECM  antenna  frequency  band  standardization,  perhaps 
an  octave  with  an  overlap  at  band  edges. 

• Standardization  of  base  sizes  and  mounting  provisions. 

Provide  rationale  for  use  of  modifications  or  additions. 

• Catalog  previously  developed  antenna  types  and  specifi- 

cations to  aid  in  selecting  antennas  which  would  not 
require  developmental  NRE  costs. 

In  the  area  of  logic  design,  standardization  should  be  applied  to: 

• Documentation  of  operational  computer  piugrams 

• Software  language 

• Functional  interfaces, 

d.  Commercial  Components 

A study  of  the  application  of  standard  commercial  components  to  the 
military  problem  is  recoiraiicnded . Areas  such  as  quality  control,  environmental 
suitability,  and  reliability  should  be  considered.  Unnecessary  cost  driving 
specifications  should  be  modified,  and  maximum  use  of  commercial  hardware  should 
be  made.  Replacing  MIL  SPEC  parts  with  commercial  parts  in  those  areas  where 
the  manufacturer  has  a demonstrated  knowledge  and  sufficient  back-up  data  could 
lead  to  signficant  savings. 
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Specifications 

Tn  general,  the  rigid  application  of  MIL  SPECS  results  in  over- 
specification of  many  parameters  and  unnecessary  cost  growth.  For  example, 
specific  pe"formance  requirements  can  have  a very  major  effect  on  Travelling 
Wave  Tube  (VIVT)  amplifier  cost.  Thus,  both  state-of-the-art  performance  must 
be  avoided  and  expensive  features  must  be  examined  for  cost  effectivity.  This 
recommendation  could  be  implemented  by  having  the  end-user,  the  system 
manufacturer,  and  the  tube  vendor  review  performance/cost  tradeoffs  at  the 
beginning  of  the  system  development.  Similar  tradeoffs  should  again  be 
made  after  delivery  of  the  prototypes  and  prior  to  start  of  production. 

It  is  recommended  that  power  supply  requirements  be  reviewed  relati\'c 
to  over-specification  of  TWT  requirements,  including  in  some  cases,  unnecessar>' 
protective  circuitry.  Also,  the  power  supply  designer  should  be  allowed  to 
communicate  with  the  TWT  designer  before  the  power  supply  design  specifications 
are  finalized. 

More  attention  should  be  given  to  preparation  of  the  general  icquire- 
ments  portion  of  the  specification,  to  allow  the  power  supply  designer  to 
obtain  more  of  an  in-depth  appreciation  for  these  requirements  and  to  facilitate 
an  intelligent  interpretation  of  the  specification,  so  that  tradeoffs  and/or 
specification  additions  can  be  proposed,  which  will  ultimately  result  in  cost 
savings . 

Similarly,  antenna  vendors  should  be  encouraged  to  seek  relaxation 
of  firm  pattern  (and  VSWR)  specs  after  initial  design  efforts  are  completed 
and  before  the  tedious,  costly  tweaking  of  antenna  patterns  (which  would  be 
required  to  meet  the  letter  of  the  antenna  specifications)  is  performed. 

I’lie  system  supplier  (component  buyer),  for  the  sake  of  a conservative 
design,  very  often  requires  either  an  unrealistic  performance  specification 
or  or.”  that  is  over-specified  for  the  actual  system.  Closer  cooperation  and 
greater  communication  between  system  designer  and  component  supplier  could 
lead  to  lower  costs.  In  particular,  many  MIL  SPECS  could  be  relaxed  because 
a realistic  appraisal  of  the  actual  operational  environment  may  show  that 
specification  relaxation  may  not  result  in  any  loss  in  operational  performance. 
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Other  areas  where  over-specification  results  in  excessive  costs  are 
data  requirements  and  workmanship  standards.  DD  1423,  "Contract  Data  Require- 
ments" are,  in  total,  a high  cost  item.  A part  of  initial  program  effort  for 
each  new  procurement  should  be  a review  of  data  requirements.  Data  requirements 
and  data  procedures  need  to  be  streamlined  to  make  data  procurement  most  cost- 
effective.  Data  Cost  tradeoffs  should  be  made  part  of  program  negotiations. 

The  workmanship  standards  of  MIL-STD-883  and  MIL-38510  are  excessive 
in  some  areas.  An  example  is  the  10%  minimum-width  tolerance  specified  for  the 
foil  conductors  of  P.C.  cards.  When  final  inspection  is  visual,  conductors  are 
preferably  designed  some  10  to  20  times  the  minimum  size  required  for  the 
current  to  be  carried.  Specifying  a ±10%  tolerance  forces  contractors  to 
implement  less  than  optimum  manufacturing  methods  and  makes  visual  inspection 
difficult. 

f . Procurement  Practices 

Costs  of  most  major  components  are  very  significantly  affected  by 
the  quantities,  lot  sizes,  and  production  rates  involved  with  the  particular 
procurement.  Learning  benefits  and  preproduction  efforts  can  cause  significant 
reductions  in  unit  costs  for  high- volume  procurements.  Where  practical, 
advantages  should  be  taken  of  this  reduced  unit  cost.  Partial  advantage  may 
be  taken  by  obtaining  reduced  costs  for  special  component  parts  or  subassemblies 
that  may  be  common  to  different  major  components  or  major  subassemblies. 

Various  procurement  and  schedule  considerations  are  listed  below, 

• Procurement  quantities,  lot  sizes  and  production  rates 
should  take  into  account  the  effect  on  unit  costs. 

• Provisions  should  be  male  to  allow  early  and  continuing 
interface  checks  between  tubes  and  system  components. 

• Required  data  items  should  be  reviewed  relative  to  their 
cost  effectivity. 

• Consideration  should  be  given  to  supplying  specialized 
test  equipment  on  GFE  basis,  particularly  for  low-quantity 
procurements . 
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• Where  procurement  schedules  and  quantities  are  uncertain, 
consideration  should  be  given  to  funding  for  stockpiling 
of  long-term  delivery  items. 

The  contractors  should  have  the  latitude  to  optimize  the  schedule  for  cost. 

In  the  past,  the  procurement  cycle  has  been  inefficient  in  two  ways.  Research 
and  development  programs  through  preproduction  on  the  first  production  run 
have  been  too  accelerated.  Production  has  been  too  stretched  out.  Both 
production  and  R5D  suffer  from  intermittent  funding. 


Test  Requirements  and  Test  Equipment 


It  was  noted  in  several  cases  that  both  qualification  and  acceptance 
testing  could  have  been  reduced  by  using  greater  selectivity  in  defining  the 
tests  rather  than  applying,  in  toto,  previous  test  procedures.  The  recommenda- 
tions are  that; 


• Use  of  similar  design  (to  already  qualified  units)  be 
employed  to  the  maximum  extent  possible  to  reduce  the 
extent  of  qualification  testing  (up  to  50  percent 
savings  may  be  possible) 


• Greater  use  of  test  history  be  made  to  reduce  the 
number  of  acceptance  tests  required. 

For  example,  it  was  noted  that  a required  radome  reflectance  test 
accounts  for  25  to  30  percent  of  the  electrical  segment  test  cost;  with  normal 
radome  design,  this  test  is  passed  with  a fairly  large  margin. 

RF  power  testing  requires  expensive  equipment,  both  to  acquire  and 
maintain,  and  only  a limited  number  of  facilities  are  available,  not  all  with 
the  s.'ime  capabilities.  It  is  recommended  that  the  Air  Force  catalog  and  update 
a summary  of  facility  capabilities  and  inform  users  of  the  current  status  of 
such  facilities. 


In  the  area  of  antenna  system  pattern  testing,  it  was  noted  that  the 
Air  Force  is  developing  a near-field  antenna  pattern  analyzer  which  could  be 
made  available  for  industry  use  in  evaluating  some  aircraft-antenna  interface 


j 
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problems.  The  use  of  this  capability  could  avoid  costs  in  building  system 
test  stations  for  antenna  pattern  evaluations.  It  is  recommended  that  the  use 
of  this  facility  for  these  types  of  tests  be  further  studied  to  determine  recom- 
mended applications. 

Selection  of  parts  (i.e.,  parts  testing)  is  a major  production  cost 
because  of  the  wide  variations  in  parts.  More  automatic  test  stations  would 
reduce  this  cost,  but,  because  of  the  low  volume  and  uncertainty  of  procurements, 
it  does  not  pay  for  a supplier  to  invest  in  this  type  of  equipment.  Govern- 
ment funding  in  automatic  test  stations  may  be  of  value  in  lowering  the  cost 
of  ECM  equipment. 

The  usefulness  of  extended  burn-in  tests  should  also  be  examined  to 
determine  their  true  value.  This  is  of  particular  concern  when  the  burn-in 
test  requires  the  commitment  of  extensive  test  facilities. 

It  is  also  recommended  that  a service  test  phase  be  initiated  as  part 
of  the  R§D  cycle.  Five  to  ten  prototype  systems  should  be  procured  during  the 
phase  prior  to  a production  commitment.  Test  units  should  be  installed  and  used 
in  command  aircraft  concurrent  with  extended  bench  qualification  testing. 

Periodic  reports  relating  to  parts  failure,  equipment  configuration  changes, 
and  performance  testing  should  be  made  and  consolidated  into  the  R&D  loop. 

While  the  cost  savings  associated  with  this  technique  were  not  quantified,  it 
is  readily  apparent  that  significant  savings  would  be  accrued  by  enabling  early 
fixes  to  the  equipment  configuration  early  in  the  equipment  life  cycle. 


10 


1 


Section  II 

INDIVIDUAL  DANLL  RL'COMMLNDATIONS 
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a. 


TRANSMIT  TUBUS 
Introduction  and  Summary 


It  was  noted  that  a previous  study  had  identified  transmitters  as 
a major  contributor  to  the  cost  of  UCM  systems.  Rapid  product  obsolescence, 
insufficient  development,  and  low  production  volume  were  highlighted  by  this 
previous  study  as  major  problems  facing  the  manufacturer  of  microwave  tubes 
for  ECM  systems.  Also,  of  the  two  major  transmitter  components  (transmit 
tubes  and  power  supplies),  tubes  account  for  a nominal  30  percent  of  the  total 
system  cost. 

Most  of  the  ECM  systems  built  within  the  last  few  years  employ  'IlVTs 
having  output  power  capabilities  of  several  hundred  watts  CK  or  1-2  kK  pulsed. 
Cross-field  amplifiers,  such  as  used  for  ECM  systems,  provide  average  output 
powers  that  are  normally  higher  than  those  provided  by  TWTs.  Power  oscillators, 
such  as  V'TMs  and  MBWOs,  are  also  of  interest.  Unlike  the  amplifier  devices 
having  a range  of  an  octave  or  more,  these  oscillators  provide  fractional 
octave  bandwidths  with  power  levels  of  100-400  watts  average. 

It  is  generally  recognized  that  a communication  gap  exists  among  the 
customer,  the  system  manufacturer,  and  the  tube  vendor  relative  to  the  role 
played  by  tubes  in  the  determination  of  system  performance  and  cost.  This 
communication  problem,  as  well  as  the  more  major  cost  problems  relating  to  tube 
parameters  and  features,  production  costs,  and  test  requirements,  were  discussed. 
Also  considered  were  applications  effects,  such  as  interface  and  life  cycle 
requirements . 


Summary  Report  on  the  Air  Force/ Industry  Electronics  Manufacturing  Cost 
Reduction  Study,  Technical  Memorandum  AFML-TM-LT-75 , 15  July  1974. 
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(1)  Initial  Cost  Factors 


The  basic  factors  contributing  to  initial  tube  costs  were  examined 
in  detail.  To  establish  tlie  sensitivity  of  the  tube's  electrical  performance 
to  costs,  a reference  tube  was  defined  and  the  generalized  effects  on  cost 
were  noted  as  the  parameters  were  varied.  It  was  readily  established  that  tube 
requirements  that  approached  the  state-of-the-art  were  unusually  expensive. 
Similarly,  tube  features  (including  both  electrical  and  mechanical)  that  added 
significantly  to  the  costs  but  were  not  state-of-the-art  were  examined  in 
detail . 

Examination  of  production  costs  revealed  that  these  costs  are 
determined  by  the  combination  of  initial  unit  cost,  the  reduction  of  this  cost 
that  can  be  accomplished  by  the  learning  experience,  and  the  reduction  that 
results  from  the  use  of  specific  tube  preproduction  efforts.  Typical  learning 
rates  vary  quite  widely,  as  much  as  80  to  95  percent,  and  are  dependent  on 
numerous  factors.  These  factors  include  the  total  quantity  purchased,  the  lot 
size,  the  production  rate,  and  the  degree  of  standardization.  Because  of  the 
significant  differences  in  internal  tube  design  parameters  and  fabrication 
techniques  that  are  used  by  the  various  tube  manufacturers,  the  possibilities 
for  standardization  are  somewhat  limited.  There  are,  however,  some  areas 
where  standardization  could  be  of  benefit. 

Appropriately  invested  support  funds  can  be  used  to  alter  both  the 
initial  unit  costs  and  the  shape  of  the  learning  curve.  These  funds  can  be  in 
the  form  of  advanced  development,  engineering  development,  and/or  manufacturing 
methods  programs.  It  was  shown  that  meaningful  payoffs  could  be  achieved  by 
such  investments. 

The  usefulness  of  environmental  and  other  special  tests  was  examined. 
It  was  noted  that  some  test  duplication  i i.  encountered  by  tube  vendors  and  that 
some  tests  are  of  doubtful  value.  Some  of  the  data  items  were  also  questioned 
as  to  their  cost  effectivity. 
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(2)  Application  Considerations 

Although  life  cycle  costs  were  not  one  of  the  major  considerations 
addressed  by  this  panel,  it  was  believed  to  be  of  sufficient  importance  to 
receive  some  attention.  Available  application  information,  as  well  as 
additional  information  requirements  which  are  necessary  to  compute  life 
cycle  costs,  were  identified.  Computer  programs  are  available  to  allow  sub- 
sequent calculation  of  the  life  cycle  costs.  Cost  tradeoffs  could  then  be 
made  relative  to  practicability  of  repair,  and,  if  appropriate,  the  nature  of 
the  maintenance  program  could  be  altered.  The  cost  impact  of  the  turnaround 
time  required  to  return  the  tubes  for  repair  was  also  considered. 


The  desirability  of  an  early  interface  between  the  tube  and  system 
was  examined.  It  was  concluded  that,  if  necessary,  the  system  schedule  should 
be  slipped  to  allow  testing  with  the  power  supply,  modulators,  and  output  RF 
components.  It  was  also  concluded  that  these  components  should  be  made  avail- 
able for  tube  optimization  during  the  manufacturing  sequence. 

b.  Specific  Recommendations 

Although  the  recommendations  of  this  section  are  directed  toward 
transmit  tubes,  the  effects  of  other  transmitter  components  should  also  be 
considered.  As  noted  above,  transmit  tube  procurements  should  not  require 
performance  that  exceeds  available  device  capability.  A standardization 
effort  was  proposed  that  would  provide  the  tube  capabilities  that  are  needed 
to  meet  the  mid-term  (2-5  years)  ECM  system  needs.  The  panel  also  recognized 
that  the  major  technology  advancements  that  are  normally  accomplished  in  a 
5 to  10  year  time  period  should  also  be  continued.  Various  procurement  con- 
siderations were  also  regarded  as  important  and  arc  d tailed  below  as  part  of 
the  recommendations. 


(1)  Standardization 

As  noted  above,  individual  development  programs,  separate  from 
procurement,  were  proposed  to  provide  the  improved  system  capabilities  needed 
in  the  2 to  5 year  time  period.  To  allow  such  programs  to  be  established,  it 
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is  first  necessary  to  identify  families  of  transmitters  which  will  economically 
provide  the  system  capabilities  of  the  future.  Included  in  this  determination 
must  be  the  effects  of  various  application  requirements  such  as  cost  of  owner- 
ship. This  standardization  must  include  both  the  performance  of  the  transmit 
tubes  and  related  parts  such  as  RF  connectors,  high-voltage  leads,  and  high- 
voltage  connectors.  The  details  of  appropriate  programs  must  be  defined  to 
accomplish  all  the  required  developments.  Also,  preproduction  efforts  that 
will  reduce  the  production  costs  of  existing  designs  must  be  defined.  Although 
the  output  transmit  tubes  are  the  components  of  immediate  interest  in  this 
section,  they  cannot  be  considered  independently  of  the  driver (s),  exciters, 
associated  power  supplies,  and  microwave  components  such  as  diode  switches, 
phase  shifters,  and  isolators.  All  of  these  components  should  properly  be 
considered  part  of  the  transmitter,  and  the  actual  standardization  determina- 
tions should  be  made  relative  to  the  overall  transmitter  requirements. 

ECM  System  Requirements:  The  above  standardization  efforts  must  be 

keyed  to  future  ECM  system  requirements.  This  will  necessarily  include 
consideration  of  the  required  levels  of  peak,  average,  and  CW  RF  power.  These 
power  levels  should  be  determined  on  the  basis  of  existing  and  projected  threat 
capabilities  and  the  power  that  is  needed  to  provide  the  desired  J/S  for 
appropriate  ECM  techniques. 

Transmit  Tube  Requirements:  Transmit  tubes  must  be  defined  to  provide 

the  projected  ECM  system  requirements.  This  would  include  definition  of  the 
basic  performance  required  to  provide  the  necessary  band  coverage.  Note  that 
basic  performance,  and  not  the  details  of  internal  construction,  should  be 
j ^ ,....^^,di  zc J . App..  late  external  moclianical  aud  electrical  features  should 
ilso  be  sta:.d.;.dized,  withubt  penalize). g any  particular  manufacturer.  The 
results  of  previous  Lower  Cu.^t  ECM  effor' can  ;,o  used  to  provide  the  starting 
point  needed  to  determine  what  specific  developments  are  required.  Both  the 
costs  of  development  efforts  required  to  provide  these  transmit  tube  capa- 
bilities and  the  actual  tube  procurement  costs  should  necessarily  be  evaluated. 


I 
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The  near-  to  mid-term  recommendations  provide  for  substantially 
increasing  the  investment  in  exploratory  and  advanced  development  of  microwave 
tubes  for  ECM  so  that  the  tube  state-of-the-art  can  be  pushed  ahead  of  present 
and  future  ECM  system  requirements.  Emphasis  should  be  placed  on  practical, 
low-cost  solutions.  A number  of  relatively  small  programs  in  key  areas,  having 
funding  levels  of  $100K  to  $250K  such  as  to  provide  the  desired  program 
efficiency,  were  recommended. 

Typical  of  the  development  items  recommended  by  the  panel  are  those 
listed  below. 

(a)  Improve  the  tube  efficiency  by  designing  improved  collectors 
and  circuits. 

Objective:  To  increase  efficiency  by  5 to  10  percent. 

(b)  Improve  electron  gun  and  focusing,  including  cathode/grid 
material  program. 

Objective;  To  provide  high-mu  grid  technique  capability 
across  the  band  from  2 to  18  GHz. 

(c)  Provide  improved  dual-mode  pulse-up. 

Objective:  To  extend  pulse-up  capability  by  1 to  3 dB. 

(dj  Provide  increased  tube  bandwidth. 

Objective:  To  reduce  tube  cost  by  improved  bandedge 

performance  and  to  minimize  or  eliminate  equalizer  costs. 

(e)  Provide  improved  tube  stability. 

Objective:  To  improve  yield. 

Application  Considerations:  A necessary  consideration  in  standard- 

izing ECM  transmit  tubes  is  the  effect  of  life  cycle  costs.  Investigations  of 
sufficient  detail  should  be  made  to  allow  consideration  of  effects  such  as 
reliability,  component  life,  and,  if  possible,  field  replacement  costs.  An 
obvious  example  of  this  type  of  consideration  is  a component  whose  initial 
cost  may  be  low  but  which  requires  frequent  replacement,  and  as  a result  may 
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be  very  expensive  to  own.  Other  application  effects  concern  the  environment 
external  to  the  transmitter  (e.g.,  RF  loads  and  prime  power  characteristics). 


Preproduction : In  addition  to  the  development  of  basic  component 

capabilities,  preproduction  efforts,  needed  to  reduce  production  costs,  should 
be  considered.  These  programs  should  be  timed  such  that  the  component  capa- 
bility is  established  in  a timely  fashion  relative  to  system  procurement 
schedules.  Specific  types  of  programs  are  detailed  below. 

• Manufacturing  Methods  Programs  should  be  initiated  which 
are  applicable  to  classes  or  families  of  tubes,  supporting, 
in  particular,  low-quantity  procurements. 

• Materials  Programs  should  be  funded  in  the  areas  of  tube 
materials,  components,  and  fabrication  techniques.  Many 
material  and  component  developments  would  have  value  to 
all  manufacturers. 

(2)  Long-Term  Advancements  (5  to  10  years) 

Recommendations  for  long-term  solutions  generally  provided  for 
increasing  the  exploratory  and  advanced  development  efforts  to  provide  more 
advanced  capabilities.  They  included  the  development  of  capabilities  such 
as  10  dB  pulse-up  and  efficiency  improvements  beyond  the  near-term  projections. 

(3)  Procurement  Procedures 

An  immediate  time  period  (0  to  2 years)  recommendation,  which  the 
panel  considered  of  prime  importance,  is  to  institute  a program  of  periodic  | 

review  of  tube/system  performance  tradeoffs.  An  examination  of  the  costs  of  | 

the  tube  package  and  testing  requirements  should  also  be  made.  | 

This  recommendation  was  made  because  specific  performance  require- 
ments can  have  a very  major  effect  on  tube  cost.  It  should  be  implemented  by 
having  the  end-user,  the  system  manufacturer,  and  the  tube  vendor  review 
performance/cost  tradeoffs  at  beginning  of  the  system  development.  State-of- 
the-art  performance  must  be  avoided  and  expensive  features  must  be  examined 
for  cost  effectivity.  Similar  tradeoffs  should  again  be  made  after  delivery 
of  the  prototypes  and  prior  to  start  of  production. 


Various  procurement  and  schedule  considerations  are  listed  below. 

• The  effects  of  procurement  quantities,  lot  sizes,  and  production 
rates  on  unit  costs  should  be  considered . Production  gaps 
should  be  avoided, 

• Provisions  should  be  made  to  allow  early  and  continuing 
interface  checks  between  tubes  and  system  components. 

• Cost  effectivity  of  required  data  items  should  be  reviewed. 

• Consideration  should  be  given  to  supplying  specialized  test 
equipment  on  GFE  basis,  particularly  for  low  quantity 
procurements . 

• Where  procurement  schedules  and  quantities  are  uncertain, 
funding  for  stockpiling  of  long-term  delivery  items  should 
be  considered. 

(4)  Cross-Field  Amplifiers 

Many  of  the  above  recommendations  are  applicable  to  both  TWTs  and 
CFAs;  the  following  considerations  pertain  to  CFAs  only.  It  was  recommended 
that  existing  programs  to  solve  CFA  electron  gun  and  circuit  technology 
problems  be  continued.  Future  R5D  programs  should  be  based  on  the  results 
of  these  efforts.  Investments  in  delay  line  technology  for  existing  CFA 
devices  should  be  undertaken  if  a satisfactory  return  on  the  investments 
can  be  established.  Determining  the  feasibility  of  using  low-power  (=40  watts) 
CFAs  for  phased-array  radar  applications,  ivhere  efficiency  and  phase  linearity 
are  of  particular  importance,  should  be  considered. 

VTM  developments  that  could  be  considered,  if  the  need  can  be  justi- 
fied, arc  an  increase  in  tuning  range,  an  increase  of  efficiency  from  55  to  65 
percent,  and  an  increase  in  frequency  range  to  above  10  (SHz.  Iligh-power  \'TMs 
may  require  efforts  to  avoid  possible  long  shelf  life  problems.  Availability, 
high  cost,  and  long  lead  time  of  Alnico  magnets  is  of  concern.  Work  on 
samarium-cobalt  magnet  design  and  application  was  suggested. 
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2. 


RECEIVERS 


a.  Introduction  and  Summary 

The  receiver  panel  identified  cost  drivers  that  are  common  to  all 
receiver  types  while  acknowledging  that  several  different  types  of  ECM  receivers 
exist.  In  general,  costs  of  all  receiver  types  are  driven  by: 

• Changing  Threat  Environment  - In  this  regard,  the  ECM 
community  is  driven  by  the  need  to  meet  the  changing 
threat  environment;  this  environment  dictates  the 
system  requirement,  which,  in  turn,  sets  the  requirement 
for  the  receiver  type  to  be  used. 

• MIL-SPEC  parts  - The  required  use  of  MIL  SPEC  parts  in 
areas  where  the  commercial  equivalent  part  will  suffice 
is  a significant  cost  driver  in  any  form  of  receiver. 

• Maturity  of  Technology  - Systems  employing  receivers 
not  produced  in  production  lots  sustain  production 
"bugs"  which  add  significantly  to  the  cost.  Many  panel 
members  were  of  the  opinion  that  receiver  equipment 
moves  from  the  R§D  stage  into  the  production  stage 
with  insufficient  production  engineering  effort. 

• Environmental  Requirements  - Although  these  requirements 
drive  the  cost,  no  changes  could  be  seen  that  would 
reduce  cost;  it  was  difficult  to  correlate  percentage 

of  receiver  cost  with  environmental  specifications.  All 
sub-panel  members  tended  to  agree  that  the  environmental 
conditions  stipulated  are  necessary,  considering  the 
wide  deployment  of  US  forces. 

• Form  Factor  - Changes  in  form  factor  to  accommodate  a 
new  installation  usually  require  a complete  mechanical 
redesign,  which,  from  the  sub-panel  members'  experience, 
is  a significant  cost. 
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• Documentation  - The  documentation  required  for  military 
receiver  procurement  is  extensive,  compared  to  that 
required  for  commercial  purchases. 

The  recommendations  of  the  receiver  panel  centered  on  modeling, 
components,  and  institutional  practices  as  three  areas  of  potential  cost 
improvements. 

(IJ  Modeling  of  Receivers 

Because  of  the  necessity  to  maintain  various  forms  of  receivers  to 
support  diverse  ECM  applications  [including  RHAW)  and  because  of  the 
increasingly  complex  functional  requirements  of  the  receiver/processor 
ensemble,  a more  quantitative  analysis  of  receiver  application  during  tlie 
original  engineering  development  phases  was  identified  as  necessary  to 
minimize  both  original  costs  and  downstream  modification  costs, 

(2)  Component  Improvement  and  Cost  Reduction 

V'arious  RF/IF  video  components  were  identified  as  candidates  for 
improvement,  both  in  technology  (performance  levels)  and  repeatability/ 

standardization  to  reduce  selection,  alignment,  and  special  order  vendor  ^ 

costs . 

(3)  Institutional  Practices 

Several  significant  cost  drivers  were  identified  in  this  area:  j; 

MIL  specifications  (over-spec),  test  and  evaluation  procedures,  the  selective  i| 

use  of  commercial  versus  JAN  components,  and  general  workmanship  requirements.  !| 

I 

I- 

b . Specific  Recommendations 

(1)  Modeling  of  Receivers 

It  was  generally  agreed  that  existing  applications  require  support 
of  both  crystal  video  and  superheterodyne  receiver  technologies.  Expanding 
requirements  for  power  management,  increased  signal  densities  and  types  of 
signals  that  are  encountered  requires  continuing  support  of  IFM,  channelized,  j 

I 

i 

! 

i! 

I 

i 
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and  raicroscan  technologies,  as  well  as  hybrid  configurations  of  the  generic 
types  of  receivers.  Current  approaches  tend  to  concentrate  on  application 
of  either  the  "best"  or  "lowest  cost"  receiver  type  or  combination,  but  no 
common  quantitative  criteria  exist  for  determining  "next  best"  or  "next  lowest 
cost"  in  terms  of  defined  information  throughput  of  the  receivers  to  permit 
effective  performance/ cost  sensitivity  tradeoffs.  This  aspect  is  particularly 
critical  when  angle  of  arrival  parameters  are  involved.  It  was  recognized 
that,  to  a great  extent,  present-day  ECM  receivers  are  designed  on  a worst- 
case  approach  and  this  should  be  rectified  to  a statistical  approach. 

The  generation  of  a reference  scenario,  combined  with  a flexible 
modeling  capability  based  upon  statistical  techniques  for  the  various  forms 
and  specific  configurations  under  analysis,  is  recommended  to  effect  signifi- 
cant cost  savings  not  only  in  the  original  design  phase,  but  to  reduce  over- 
specification and  design  and  the  final  receiver  procurement  cost. 

(2)  Receiver  Requirements 

The  panel  identified  important  parameters  and  provided  relative  cost 
figures  on  several  of  them  to  indicate  the  tradeoffs  involved.  The  important 
parameters  of  an  ECM  receiver  were  identified  as: 

• DF  Accuracy 

• Sensitivity 

• Frequency  Coverage 

• Probability  of  Intercept 

• Error  Rate 

• Reaction  Tinic 

Relative  cost  figures  on  some  of  the  parameters  are: 

DF  Accuracy  The  cost  of  a system  requiring  an  angular 
accuracy  of  less  than  6°  is  approximately 
an  order  of  magnitude  greater  than  that 
requiring  a 12°  accuracy. 
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Sensitivity  The  cost  of  a -80  dBm  receiver  is  approximately 
3-4  times  that  of  a -40  dBm  receiver. 

Error  Rate  ITie  production  cost  of  a receiver  system  that  can 
handle  10  simultaneous  threats  with  an  error  rate 
of  one  per  unit  time  is  approximately  one-third 
that  of  a receiver  system  that  can  handle  60 
simultaneous  threats  with  a negligible  error  rate. 

Receiving  and  processing  the  entire  threat  scenario  without  error 
is  a costly  requirement  because  it  is  a worst-case  approach.  A statistical 
approach  (yet  undefined)  was  considered  to  be  a better  approach  to  processing 
the  threat  scenario. 

(3)  Component  Improvement  and  Cost  Reduction 

The  crystal  video  receiver  cost  driver  of  significance  was  identified 
as  being  the  detectors.  They  require  improved  interunit  performance  consistency 
and  improvements  in  sensitivity  and  dynamic  range. 

Superheterodyne  receiver  cost  drivers  center  around  the  components 
related  to  the  tuner  (typically,  70  percent  of  overall  receiver  costs). 

Specific  components  identified  were  pre/post  selectors,  voltage-tunable  local 
oscillators,  and  mixer-preamplifier  MIC  techniques. 

IFM  receivers  that  take  the  form  of  frequency  or  time  discriminators 
for  encoding  have  significant  cost  elements:  RF  limiters;  polar  discriminators, 

and  the  general  area  of  logarithmic  signal  processing  components. 

Cliannelized  receivers  currently  suffer  from  the  cost  elements  of 
components  per  channel.  Volume  dcmam!,  based  on  soiui.  . tandardization  criterion, 
could  reduce  the  cost  of  this  form  of  receiver  by  a factor  of  four  in  the  near 
future.  SAW  technology  is  particularly  attractive  in  this  respect  and  should 
be  emphasized. 

Microscan  receiver  costs  are  driven  by  the  VCO  components,  dispersive 
delay  lines,  and  components  required  for  the  preprocessing  function. 
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(4)  Test  and  Evaluation 


The  level  of  testing  required  is  not  usually  specified  by  government 
contract  except  for  the  final  acceptance  testing.  Intermediate  testing  on 
printed  circuit  boards  and  the  like  is  specified  by  the  contractor's  quality 
control  and  production  test  groups.  Subpanel  members  thought  that  a reduction 
in  intermediate  testing  would  decrease  the  yield  on  final  testing  and  thus 
increase  the  cost.  An  investigation  of  the  necessity  for  simultaneous 
environmental  testing  should  be  conducted  because  of  the  cost  involved. 

It  was  estimated  that  testing  may  cost  as  much  as  15  percent  of  a 
project,  but,  for  the  most  part,  the  required  government  tests  are  not  exces- 
sive; however,  the  documentation  and  retesting  after  a minor  change  are 
significant  cost  factors.  It  was  too  difficult  to  define  any  cost  because 
each  company  has  its  own  accounting  procedures.  Selection  of  parts  (i.e., 
parts  testing)  is  a major  production  cost  because  of  the  wide  variability  of 
parts.  More  autom.atic  test  stations  would  reduce  this  cost,  but  because  of 
the  low  volume  and  uncertainty  of  procurements,  it  does  not  pay  for  a supplier 
to  invest  in  this  type  of  equipment.  Government  funding  in  automatic  test 
stations  may  be  of  value  in  lowering  the  cost  of  ECM  equipments. 

(5)  Standardization 

The  workmanship  standards  of  MIL-STD-883  and  MIL- 385 10  are  too 
stringent  in  some  areas.  An  example  is  the  10%  minimum-width  tolerance 
specified  for  the  foil  conductors  of  P.C.  cards.  When  final  inspection  is 
• ronductorr  •’re  preferably  designed  some  10  to  20  times  the  minimum 

size  required  for  the  current  to  be  carried.  Specifying  a *10  percent  tolerance 
forces  contractors  to  implement  le^s  tl-.an  optimum  manufacturing  methods  and 
makes  visual  inspection  difficult. 

Most  systems  are  overspecified,  which  causes  a significant  cost 
growth.  Better  use  of  present-day  technology  is  the  way  to  proceed  to  obtain 
cost  reductions. 

Contractors  feel  that  they  should  be  consulted  more  in  the  MIL-SPEC 
formulation  and  also  be  allowed  to  use  their  judgment  in  the  selection  or 

22 


1 


r 


1 


rejection  of  parts  in  production.  If  allowed  to  do  this,  contractors  should 
warranty  their  equipment. 

The  hCM  receiver  panel  was  of  the  opinion  that  a standardized  set 
of  receivers  to  meet  the  bulk  of  conventional  ECM  system  needs  is  not  feasible 
nor  would  it  be  cost-effective.  The  retrofit  cost  of  using  a "so-called" 
standardized  receiver  in  an  existing  aircraft  would  be  prohibitive.  Even 
if  the  retrofit  problem  were  ignored,  the  specification  on  the  form  factor 
and  the  amount  of  growth  capability  that  should  be  included  appear  to  be 
unresolvable  problems. 

(6)  Aircraft  Interface 

The  following  factors  were  identified  as  key  items  involving  aircraft 

interface : 

• Form  Factors 

• EMI 

• Physical  Environment 

• Antenna  Location 

• Obtaining  Accurate  Data  for  Aircraft  Installation 

The  last  item  above  was  considered  the  most  significant  cost  driver  because 
inaccurate  data  affect  all  the  other  factors. 

The  size  of  the  system  determines  the  method  of  integration.  Large 
systems  benefit  from  a single  integration  contractor,  while  smaller  projects 
and  retrofits  can  be  more  effectively  handled  by  the  supplier. 

Past  experience  indicates  that  the  integration  is  finalized  too 
early  in  the  system  development  and  insufficient  time  is  allocated  to  tradeoff 
studies  or  that  competent  receiver  designers  are  not  involved  in  the  tradeoff 
studi es . 


(7)  Research  and  Development 

The  panel  identified  two  specific  areas  in  which  Rf|D  funds  could  be 
used  to  effect  a cost  reduction  of  liCM  receivers  for  present-day  system  require- 
ments. 


23 


• The  development  of  distributed  receiver  techniques  to 
overcome  form  factor  problems  is  in  order. 

• Determination  of  the  degree  of  commonality  among  ECM 
receivers  and  receiver  requirements  for  the  purpose 
of  identifying  high-usage  items  that  are  amenable  to 
LSI,  MIC,  or  thick-film  techniques,  which  could  yield 
lower  system  acquisition  cost,  is  in  order. 

(8)  Manufacturing/Procurement 

The  total  ECM  equipment  market  is  about  $500  million,  and  it  appears 
that  six  companies  receive  75  percent  of  that  business.  It  also  appears  that 
about  six  companies  do  all  the  ECM  receiver  business.  Therefore,  competition 
does  not  appear  to  be  excessive.  Some  panel  members  believe  that  using 
"design-to-price"  procurement  and  requiring  the  supplier  to  give  at  least 
a 5- year  warranty  will  weed  out  the  marginal  suppliers  and,  in  general,  result 
in  an  improved  situation--in  terms  of  lower-cost  products.  "The  design-to- 
price"  concept  fosters  a harder  look  at  tradeoffs  so  that  the  supplier  might 
give  the  best  performance  within  the  dollar  constraints.  It  is  recognized 
that  improvements  in  ECM  system  procurement  methods  are  in  order,  but  the 
problem  is  complex  and  could  not  be  given  sufficient  attention  due  to  the 
short  time  available.  This  one  question  should  be  the  subject  of  a future 
conference. 

Most  ECM  receiver  suppliers  believe  that  their  present  manufacturing 
techniques  are  consistent  with  the  volume  of  business  that  they  receive.  The 
i.C'l  mJus'.y  is  ic.  ^menab  e to  using  the  so-cailed  automation  techniques, 
because  of  ‘h..  vcleinc  invoi'.'  1.  Auto:  tic  parts-insertion  machinery  is 
expensive  and  -an  be  employ-.  ! only  if  a large  volume  of  business  is  realized. 


ANTENNAS,  RADOMES,  AND  TRANSMISSION  LINES 

a.  Introduction  and  Summary 

Antennas,  radomes , and  transmission  lines  provide  the  interface 
between  the  outside  world  and  the  ECM  system.  Because  of  their  charter,  they 
interact  with  aircraft  integration,  system  integration,  transmitters,  and 
receivers.  Efficiency  is  important  because  any  losses  may  severely  affect 
system  performance. 

The  panel  addressed  fixed  and  steerable  antennas,  radomes/coatings , 
transmission  lines/connectors/antenna  coupling  reduction,  testing,  and  tech- 
nology. In  general,  cost  reductions  could  be  made  by  standardization  of  both 
specifications  and  hardware,  relaxed  test  requirements  (where  appropriate), 
and  improved  procurement  procedures . 

b.  Specific  Recommendations 
(1)  Standardization 

Fixed  Antennas:  Fixed  antennas  are  conventional  types  which  include 

blades,  slots,  spirals,  and  monopoles  fixed  to  the  airfr;ime  or  pod.  Areas  of 
potential  cost  reduction  identified  by  the  panel  are: 

1.  ECM  antenna  frequency  band  standardization,  perhaps  an 
octave  with  an  overlap  at  band  edges. 

2.  Standardization  of  base  sizes  and  mounting  provisions. 

Provide  rationale  for  use  of  modifications  or  additions. 

3.  Catalog  previously  developed  antenna  typos  and  specifications 
to  aid  in  selecting  antennas  which  wx  ! not  require  develop- 
mental nonrecurring  engineering  (NRE)  costs. 

These  areas  deal  with  standardization  of  "conventional"  ECM  antennas 
(frequencies,  mechanical  mounting,  and  performance).  The  potential  cost 
reductions  would  be  due  to  elimination  of  NRE  and  testing,  which  typically 
averages  about  $50,000  per  antenna,  and  increasing  production  lot  size  by 
decreasing  the  number  of  antenna  models  which  have  nearly  the  same  performance 
characteristics . 
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Antenna  Coupling  Reduction:  The  achievement  of  adequately  low  ; 

receive- transmit  antenna  coupling  is  a difficult  problem,  and  results  of  ; 

previous  development  efforts  are  generally  not  available.  A data  bank  of  j 

existing  materials,  techniques,  and  achieved  test  results  of  coupling  I 

! 

reduction  efforts  should  be  developed  by  the  Air  Force  and  made  available  | 

to  contractors.  This  would  avoid  much  duplication  of  effort  and  potentially  | 

effect  major  cost  reductions,  especially  for  those  coupling  problems  which  , 

require  aircraft  fuselage  treatments.  Developmental  efforts  on  lower-frequency  ! 

broadband  and  choke  designs  and  on  fuselage  surface  current  attentuation  ! 

technology  should  be  performed.  { 

Radomes  and  Coatings:  There  is  no  centralized  source  for  providing  | 

' ' ' J 

to  industry,  design  and  performance  information  on  radome  materials  and  rain  ] 

erosion  coatings.  In  most  cases,  each  manufacturer  must  perform  similar  ] 

design  and  test  programs  to  establish  the  preliminary  design  and  material (s)  1 

selection.  It  was  recommended  that  AFML  take  the  lead  in  characterizing  i 

materials  using  radome  shape  factors,  environments,  frequencies,  etc.,  and 
publishing  or  making  available  this  information  to  industry  as  a design  guide. 

In  accomplishing  this  goal,  AFML  should: 

1.  Develop,  using  government  and  industry  inputs,  a set  of 
environmental  and  mechanical/electrical  performance  require- 
ments to  be  used  for  testing  of  radome  materials.  This  list 
would  include  a limited  number  of  radome  shape  factors 

to  be  used  during  testing. 

2.  Accumulate  available  test  data  for  the  test  configuration 
-speciiied  and  perforin  the  tests  required  for  data  not 
avii’  lable. 

Transmission  Lines  and  Connectors:  Standardization  and  improvement 

of  transmission  lines  and  cables  was  started  b\  the  Air  Force  about  15  years 
ago  (evolving  into  ASNAF,  specifications'),  but  there  still  exists  a large 
variety  of  cable/connector  combinations  and  there  are  no  qualified  sources  for 
semirigid  coaxial  assemblies.  Cable  asseinljlies  complying  with  the  ASNAE 
specifications  are  quite  costly  (two  to  ten  times  more  than  "other"  cable 
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assemblies),  but  cable  life  has  been  increased  substantially.  Because  of  the 
high  cost  of  replacing  aircraft  transmission  line  assemblies,  and  the  aircraft 
down-time  entailed,  the  standardization  on  the  .'ISNAE  series  may  well  be  cost- 
effective.  A study  should  be  performed  by  the  Air  Force  to  substantiate  this 
premise  using  as  input  data  past  history  of  required  cable  replacement  and 
current  production  costs. 

It  was  recommended  also  that  the  Air  Force  fund  a specific  program  to 
develop  and  qualify  a minimum  number  of  transmission  line  types  required.  This 
would  avoid  fractured  efforts  by  contractors  who  are  currently  required  to 
provide,  as  part  of  individual  programs,  cable  assembly  development  and  quali- 
fication. 

Testing : It  was  noted  in  several  cases  that  both  qualification  and 

acceptance  testing  could  have  been  reduced  by  using  greater  selectivity  in 
defining  the  tests  rather  than  applying  iri^  toto  previous  test  procedures.  The 
recommendations  are  that: 

1.  Similar  design  (to  already  qualified  units)  be  employed 
to  the  maximum  extent  possible  to  reduce  the  extent  of 
qualification  testing  (up  to  50  percent  savings  ma)-  be 
possible) 

2.  Greater  use  of  test  history  be  made  to  reduce  the  number 
of  acceptance  tests  required. 

For  example,  it  was  noted  that  a required  radome  reflectance  test 
accounts  for  25  to  30  percent  of  the  electrical  segment  test  cost;  with  normal 
radome  design,  this  test  is  passed  with  a faii'ly  large  margin. 

RF  power  testing  requires  e.xpensive  equipment,  both  to  acquire  and  to 
maintain,  and  only  a limited  number  of  facilities  are  available,  not  all  with 
the  same  capabilities.  It  was  recommended  that  the  Air  Force  catalog  and  update 
a summary  of  facility  capabilities  and  inform  users  of  the  current  status  of 
such  facilities. 

In  the  area  of  antenna  system  pattern  testing,  it  was  noted  that  the 
Air  Force  is  developing  a near-ficld  antenna  pattern  analyzer  which  could  be 
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made  available  for  industry  use  in  evaluating  some  aircraft-antenna  interface 
problems.  The  use  of  this  capability  could  avoid  costs  in  building  system 
test  stations  for  antenna  pattern  evaluations.  It  was  recommended  that  the  use 
of  this  facility  for  these  types  of  tests  be  further  studied  to  determine 
recommended  applications. 

(2)  Long-Term  Advancements 

Technology  (Recommended  R6D) : Areas  in  which  R§D  funds  could  be 

effectively  applied  to  reduce  future  ECM  antenna  system  costs  are: 

• Materials 

- Better  radome  and  rain  erosion  coatings 

- Lower-loss,  reproducible  ferrite  fabrication  techniques 

- Better  ceramic  fabrication  techniques 

• Lower-cost,  effective  materials  and  techniques  for  fuselage 
surface  treatment  to  reduce  surface  currents 

• Integrated/active  antennas  for  lower- frequency , broadband 
receive  applications  (size  reduction) 

• Digital  parallel  processing  techniques  (DIPPA)  for  broadband, 
lower- frequency  DF  applications. 

It  was  also  concluded  that  major  cost  reductions  could  be  made  readily 
by  sharing,  at  working  levels,  of  information  and  data  among  vendors  and  govern- 
ment agencies  (i.e.,  better  use  of  present-day  technology),  as  well  as  by  future 
technology  advances. 

(3)  Procurement  Procedures 

Fixed  Antennas: 

• Lot,  rather  than  time-phased,  procurement  of  antennas 
to  increase  the  number  produced  in  any  one  lot. 

• Greater  flexibility  in  antenna  pattern  specifications  to 
avoid  "fii-m"  specs  where,  in  most  cases,  F.RP  requirements 
based  on  threat  scenarios,  aircraft  RCS  estimates,  and 
simulation  results  are  not  really  firm. 
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The  first  item  above  would  reduce  procurement  costs  by  increasing 
production  lot  size  (an  average  10  percent  production  cost  reduction  is 
obtained  by  doubling  the  number  produced) . 

The  second  item  above  would  be  anticipated  to  yield  substantial  NRE 
cost  reductions,  but  very  close  liaison  would  be  required  among  the  antenna 
vendor,  government  procurement  agencies,  and  system  analysis/engineering. 
Specifications  of  antenna  patterns  and  gain  can  be  ultimately  traced  to 
evaluations  of  averaged  aircraft  survival  probability  versus  jammer  ERP,  which 
generally  do  not  vary  significantly  with  "pattern  ripples"  or  gain  variations 
of  1 or  2 dB.  Antenna  vendors  should  be  encouraged  to  seek  relaxation  of  firm 
pattern  (and  VSWR)  specifications  after  initial  design  efforts  are  completed 
and  before  the  tedious  costly  tweaking  of  antenna  patterns  is  performed,  which 
would  be  required  to  meet  the  letter  of  the  antenna  specifications. 

Transmission  Lines  and  Connectors : The  reason  for  the  relatively 

high  cost  of  cable  assemblies  was  stated  by  vendors  as  the  love  production 
quantity.  It  was  noted  that  cable  assembly  cost  has  been  maintained  constant 
in  the  presence  of  inflation  because  of  the  increased  production  due  to  recent 
Navy  use  of  the  ASNAE  series  cables.  (The  Navy  specification  is  a somewhat 
modified  version  of  the  Air  Force  specification,  but  the  same  cable  qualifies 
for  both.)  It  was  also  noted  that  90  percent  of  the  cable  assemblies  produced 
are  for  retrofit  use.  Cost  reductions  could  possibly  be  obtained  by  wider 
usage  of  the  ASNAE  series  cables  (for  other  ser\.’ices) , and  a study  of  the 
total  acquisition  and  repair  costs  of  RF  systems  may  justify  this  wider  usage. 

>.  MICROWAVE  COMPONENTS 

a.  Introduction  and  Summary 

Evaluation  of  microwave  components  relative  to  possible  cost  drivers 
and  to  determination  of  recommendations  that  could  be  used  to  reduce  these 
costs,  indicated  the  desirability  of  establishing  two  major  subgroups  of 
(1)  VCOs  and  (2)  control  and  passive  microwave  elements.  These  evaluations 
are  reported  separately  below. 
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b.  Specific  Reconunendations 

(1)  VCO  Subgroup  Recommendations 

Generally,  it  was  concluded  that  no  particular  technological  area 
could  be  identified  as  a cost  driver.  The  VCO,  in  contrast  to  the  typical 

microwave  component,  is  primarily  a subsystem  in  the  early  stages  of  develop-  * 

ment  and  incurs  costs  accordingly.  Specific  performance  parameters,  etc., 

apparently  are  not  paramount  in  terms  of  cost  drivers.  The  current  state  of  i 

VCO  development  is  such  that  institutional  costs  do  not  contribute  signifi-  j 

cantly  to  VCO  costs.  j 

I 

R^D  Recommendations  | 

j 

These  recommendations  are  concerned  with  Government  support  of  | 

semiconductor  technology  advancements  and  with  failure  rate  reductions.  | 

Silicon  and  GaAs  Varactors:  The  state-of-the-art  of  both  silicon 
and  GaAs  varactor  development  lags  current  system  requirements  by  a wide  margin, 
especially  in  the  areas  related  to  frequency  stability  (long  and  short  term) 
and  reproducibility.  Air  Force  programs  now  in  the  earliest  stages  are 
vitally  needed  and  should  be  extended  to  cover  GaAs  devices  and  manufacturing 
control . 

Microwave  Transistors:  Microwave  transistors  have  typically  been 

packaged  to  satisfy  the  needs  of  RF  amplifiers.  Unfortunately,  the  device  is 
then  not  optimized  for  oscillator  application.  To  compound  this  situation, 
two  of  the  key  transistor  vendors  have  recently  become  marginal  suppliers  and 
may  not  be  long-term  suppliers  at  all.  Bipolar  and  FF.T  oscillator  transistors 
need  to  be  developed,  and  a reliable  source  of  these  devices  must  be  established. 

Gunn  Piodes:  Gunn  diodes  have  escaped  virtually  all  attempts  at 

characterization  and  are  seldom  reproducible.  Characterization  techniques 
must  be  developed  and  made  common  in  the- industry  before  the  full  potential 
of  these  sources  can  be  utilized.  Likewise,  manufacturing  technology  for 
Gunns  must  be  developed. 

Reliability:  Early  field  failure  rates  for  \'COs  (1-1/2  to  2 years 

ago)  were  remarkable  --  seldom  have  so  many  failures  been  seen.  But,  whereas 
20  to  25  percent  was  common  on  these  early  devices,  5 percent  is  more  common 
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now.  Further  reductions  in  this  rate  can  and  must  be  achieved.  The  panel 
therefore  recommended  that  an  end- item  burn-in  be  imposed  on  all  VCOs  and 
that  other  quality  assurance  provisions  be  enforced  by  supplier  and  user 
alike. 

Procurement  Procedures 

It  was  noted  that  a critical  cost  driver  is  due  to  one  particular 
component  procurement  procedure.  The  imposition  of  JANTA-type  screening 
requirements  on  microwave  semiconductors  is  extremely  expensive  when  the 
semiconductor  costs  are  a major  material  expense  in  the  end-item.  Cost  is 
escalated  drastically  by  the  screening.  Sufficient  data  are  now  available 
to  show  that  the  intent  of  JTX  screening  can  be  achieved  through  a limited 
test  program.  It  was  estimated  that  a 96-percent-effective  screening  can 
be  achieved  for  a cost  escalation  of  10  to  12  percent,  compared  with  the 
25  or  more  percent  cost  escalation  caused  by  JTX  requirements.  Therefore,  a 
strong  recommendation  was  made  that  the  screening  requirements  imposed  upon 
active  microwave  devices  be  revised. 

(2)  Control  Subgroup  Recommendations 

This  subgroup  was  concerned  with  all  microwave  components,  other 
than  VCOs,  that  are  employed  in  an  ECM  system.  In  contrast  to  the  VCO  Croup, 
the  devices  examined  are  relatively  mature;  hence,  specific  cost  drivers  can 
be  detailed. 

R^D  Recommendations 

Stripline : Most  current  microwave  components  utilize  stripline 

circuitry.  The  basic  board  employed,  a Teflon-fibercl ass  material,  varies  in 
both  thickness  and  dielectric  properties.  As  a consequence,  end-item  yield 
can  be  quite  low,  particularly  for  large-scale  integration  of  components.  In 
essence,  the  effects  of  circuit  board  variations  can  only  be  determined  by 
end-item  performance  (after  total  fabrication).  The  following  recommendations 
pertain  to  stripline  configurations. 
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An  investigation  should  be  initiated  for  a new  circuit  board  material. 
The  ideal  material  should  be  uniform,  homogeneous  and  isotropic,  and  capable 
of  being  processed  without  special  problems.  Also,  it  should  be  machineable, 
drillable,  punchable,  and  impervious  to  the  chemicals  normally  associated  with 
printed  circuit  board  fabrication.  Cladding  methods  should  be  such  that  the 
use  of  films  or  adhesives  is  avoided,  since  these  materials  alter  the  properties 
when  the  dielectric  is  used  in  very  thin  sections.  Material  thickness  range 
should  be  from  0.004  in.  to  0.250  in.  and  should  have  the  following  electrical 
and  mechanical  properties; 


Dielectric  Constant 


Loss  Tangent 

Useful  Temperature  Range 


Any  value  from  2 to  4,  as  long 
as  it  is  uniform,  repeatable 
and  predictable  to  ±0.01 

0.0003,  Maximum 

-80°F  to  +500°F 


Tensile  Strength 


20,000  psi 


Flexual  Strength 
Impact  Resistance 
Thermal  Conductivity 

Coefficient  of  Thermal 
Expansion 


15,000  psi 

15  foot-pounds/inch 
-4 

«10  X 10  calories/seconds/ 
cm2/°C/ cm 

=*2  X 10‘^/°C 


I'/ater  Absorption 


Zero 


An  investigation  should  be  initiated  to  determine  methods  of  improv- 
• "'g  quality  control  "f  current  circuit  bor-J  material. 


A program  should  be  initiatea  to  develop  accurate  means  of  measureing 
stripline  circuit  board  parairieters  during  the  production  process. 

PIN  Diodes:  As  currently  supplied  b}'  the  semiconductor  houses,  PIN 

diodes  are  not  characterized  in  the  microwave  region  by  the  manufacturer. 
Consequently,  circuits  can  be  diode-specific.  As  with  the  stripline  board, 
diode  performance  is  currently  obtained  only  after  insertion  into  the  component 


? 

'I 

j 


i 
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and  subjected  to  full  overall  test.  Therefore,  it  was  recommended  .'rhat  a 
program  be  initiated  to  develop  production  methods  for  RF  characterization  of 
PIN  diodes. 

It  was  recommended  that  a manufacturing  methods  program  be  initiated 
to  improve  chip  mounting  techniques.  Current  methods  are  costly  and  are  not 
truly  satisfactory  from  a manufacturing  basis. 

A program  should  be  initiated  to  improve  diode  reliability. 

Packaging:  Current  component  costs  could  be  reduced  by  increased 

levels  of  integration.  However,  little  knowledge  is  available  regarding  the 
most  economic  level,  given  the  variabilities  of  raw  materials,  connectors, 
launchers,  and  other  production  costs.  Most  system  houses,  moreover,  are 
reluctant  to  employ  single  components  much  above  the  single  function  level  of 
integration.  It  was  recommended  that  a study  be  initiated  to  establish  the 
most  economic  level  of  integration. 

A major  contributor  to  component  cost  can  be  associated  with  inter- 
connects between  components  and  stripline-launchers  used  to  couple  from 
connector  to  circuit  stripline.  Additional  development  was  urged  for  obtaining 
better  and  lower  cost  stripline  launchers  and  i nterconnccts . 

Sealing  of  components  still  remains  an  economic  problem,  for  both 
the  overall  package  and  the  interconnects.  A program  should  be  initiated  to 
improve  current  packaging  techniques. 

Component  package  size  is  practically  nonexistent,  with  almost  each 
? component  "buy"  resulting  in  a package  redesign.  "Catalog"  items  are  not  truly 

f available.  It  was  recommended  that  standard  package  sizes  be  established  for 

• use  with  components. 

' Procurement  Procedures 

Discontinuous  and  Short  Run  Production:  The  nature  of  the  FCM  "buy" 

is  such  that  short  and  discontinuous  production  runs  are  encountered.  There 
is  a start-up  or  nonrecurring  expense  incurred  with  each  "buy,"  driving  piece 
price  higher  than  normally  would  be  encountered  in  a conventional  market. 
Although  acknowledged  as  a cost  driver,  the  panel  felt  that  this  is  the  nature 
of  the  business . 

' 3.1 


I 


Nonstandardization  of  Products:  A system  supplier  (and  component 

buyer)  very  often  requires  component  form-factor  and/or  operating  character- 
istics to  conform  to  system  concept.  Greater  design  effort  and  the  acquiescence 
of  the  system  supplier  to  accept  standard  packages  could  reduce  some  of  these 
costs . 

Specifications : A system  supplier  (component  buyer),  for  the  sake 

of  a conservative  design  decision,  very  often  requires  either  an  unrealistic 
performance  specification  or  one  that  is  over-specified  for  the  actual  system. 
Closer  cooperation  and  greater  communication  between  system  designer  and 
component  supplier  could  lead  to  lower  costs.  In  particular,  many  MIL-SPECS 
may  be  relaxed  because  even  a realistic  appraisal  of  the  actual  operational 
environment  may  show  that  specification  relaxation  may  not  result  in  any  loss 
in  operational  performance. 

Development  Cycle:  A system  supplier  (component  buyer)  does  not 

recognize  the  true  cycle  of  component  development.  However,  competition  among 
component  manufacturers  leads  to  acceptance  of  short  development  times,  with 
the  attendant  costs  associated  with  schedule  delays,  etc. 

5.  POWER  SUPPLIES 

a.  Introduction  and  Summary 

It  was  established  that  power  supplies  do  constitute  a substantial 
portion  of  the  size,  weight,  and  cost  of  any  ECM  system.  Therefore,  it  was 
concluded  that  more  than  the  present  limited  attention  should  be  given  to 
their  design.  Also,  because  these  supplies  seem  to  inevitably  be  one  of  the 
last  items  considered  in  the  ECM  package,  there  is  a need  for  optimum  coordina- 
tion to  accommodate  the  short  development  time  and  to  allow  for  the  complex 
interface  with  the  other  portions  of  the  system. 

Cursory  examinations  were  made  of  several  power  supply  parameters 
and  features  to  determine  their  effect  on  costs.  As  a general  rule,  a 3 dB 
increase  in  output  power  results  in  approximately  33  percent  increase  in  cost 
for  the  same  tube  type,  whereas  voltage  has  only  a slight  effect  on  cost. 
Modulators  can  add  significant  costs,  with  floating  deck  configurations  costing 
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as  mucn  a*?  4:1  more  than  transformer  types.  However,  transformer- type  modu- 
lators have  significant  recovery  problems.  Dual -mode  modulator  design  costs 
can  be  quite  high. 

Some  parameters  do  not  adversely  affect  costs,  provided  particular 
levels  of  performance  are  not  exceeded.  Examples  are  efficiencies  of  not 
greater  than  90  percent  and  regulation  to  not  less  than  1 percent . 

Whereas  high-reliability  parts  may  add  20  to  40  percent  to  parts 
costs,  the  true  reliability  may  not  necessarily  be  improved.  In  some  critical 
areas,  these  parts  may  not  be  the  optimum  choice.  There  was  some  belief  that, 
although  high  reliability  parts  were  a production  cost  driver,  they  may  pay 
for  themselves  if  life  cycle  costs  are  considered. 

The  effect  on  cost  of  reduced  weight  and  size  is  noticeable  only  when 
comparable  technologies  are  considered.  Reductions  achieved  by  the  use  of 
different  technologies  do  not  have  significant  effects  on  cost.  The  choice  of 
cooling  type  does  significantly  affect  costs.  A cold  plate  configuration  is 
preferred  to  that  of  direct  air  cooling. 

Protection  circuits  have  a significant  effect  on  cost  and  reduce  the 
supply  reliability.  An  apparent  need  relative  to  these  circuits  is  to  more 
precisely  determine  requirements  and  specifications.  Although  helix  protection 
circuits  are  a fundamental  requirement,  the  need  for  other  protection  circuits 
may  be  questionable.  The  average  effect  of  these  circuits  on  unit  production 
costs  is  approximately  10  percent  with  over/under- voltage  protection  circuits 
adding  costs  of  as  much  as  15  percent. 

b.  Specific  Recommendations 

(1)  Mid-Term  RSD 

Potting  Materials  Standards:  It  was  recommended  that  the  Air  Force 

develop  standards  for  high  voltage  potting  materials  so  that  material  purchased 
in  different  batches  will  have  reliable  and  predictable  characteristics. 

Potting  materials  which  are  used  in  alT~nonliquid-cooled  power  supplies  to 
insulate  the  high  voltage  are  one  of  the  major  contributing  factors  to  power 
supply  cost. 

.5.5 
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Seals  for  Fluid-Encapsulated  Power  Supplies:  It  was  recommended  that 
the  Air  Force  develop  new  feed-through  seals  and  standards  for  these  seals  to 
minimize  the  coolant  leakage  problem. 

High-Voltage-Supply  Encapsulating  Schemes:  The  Air  Force  should 

consider  any  research  and  development  programs  which  would  lead  to  major  break- 
throughs in  high-voltage-supply  encapsulating  schemes, 

High-Voltage  Wire:  It  was  recommended  that  the  Air  Force  develop  new 

high-voltage  wire  and  new  standards  for  high  voltage  wire.  The  two  most  commonly 
used  high-voltage-wire  insulators  existent  in  TWT  power  supply  design  today  are 
silicone  rubber  and  teflon;  both  present  significant  problems. 

High-Voltage  Connectors:  It  was  recommended  that  the  Air  Force 

develop  new  high-voltage  connectors  and  standards  for  high-voltage  connectors. 
High-voltage  connector  problems  continue  to  plague  ECM  systems,  particularly 
at  high  altitude. 

High-Voltage  Switching  Devices:  The  Air  Force  should  develop  new 

high-voltage- switching  devices  such  as  transistors,  triodes,  and  fast,  stable 
photocouplers.  Standards  for  high-voltage-switching  transistors  which 
encompass  the  proper  parameters  should  be  developed.  Most  of  the  high-voltage- 
switching transistors  in  use  today  come  either  directly  or  indirectly  from  the 
TV  and  automotive  industries  and  are  not  directly  applicable  to  ECM  systems. 

IC  Switching  Regulator  Controls:  The  Air  Force  should  consider 

developing  a family  of  standard  integrated  circuit  switching  regulator  control 
circuits.  The  current  market  for  power  supplies  of  this  type  is  too  small  to 
induce  company- rponsored  development  at  this  tim'';  a standard  line  of  integrated 
circuit  pulse-width  switching  regulator  control  circuits  could  reduce  the  size, 
v.-eight,  and  cost  of  power  supplies. 

New  Standards  for  Aircraft  Secondary  Electrical  Power  (MIL-STP-~^04) : 

It  was  recommended  that  the  Air  Force  reconsider  the  electrical  power  require- 
ments for  new  aircraft  and  that  either  3 kHz  to  4 kHz  high-frequency  power 
at  115/208V,  three  phase,  or  alternatively,  200V  DC,  be  considered.  Many 
studies  in  the  past  have  established  the  desirability  of  high-frequency  power; 
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the  majority  concluded  that  a frequency  in  the  3-kHz  range  was  optimum.  This 
would  allow  for  an  optimum  input  transformer  having  many  advantages  in  terms  of 
reliability,  simplicity,  and  line  isolation.  This  transformer  would  be  within 
acceptable  size  and  weight  constraints  and  would  be  optimized  relative  to  its 
effect  on  the  overall  aircraft  electrical  power  system,  including  the  weight 
and  efficiency  of  the  generator.  An  interesting  alternative  is  the  use  of 
200V  DC,  which  would  allow  the  alternator-rectifier  a wide  range  of  shaft 
speeds  and  still  result  in  a small  power  supply  through  the  use  of  a DC-to-AC 
converter  operating  in  the  10-  to  30-kHz  range. 

Along  with  the  line  frequency,  the  line  transients  specified  in 
MIL-STD-704  should  be  reexamined. 

Computer-Aided  Design:  It  was  recommended  that  computer-aided  design 

programs  be  developed  for  given  designs  to  assist  in  design  optimization  and 
<^ize,  weight,  and  cost  estimating.  The  panel  unanimously  agreed  that  computer- 
aided  design  itself  could  not  solve  the  state-of-the-art  effort  required  in 
most  present-day  ECM  high-voltage  power  supplies.  It  was  believed  that  existing 
programs  which  show  size  and  weight  trade  comparisons  between  chopper  frequency 
and  other  parameters  could  be  extended  to  provide  cost  estimating  procedures 
for  a given  circuit  design.  As  new  components  which  advance  the  present  state- 
of-the-art  are  developed,  computer-aided  design  may  be  able  to  play  a more 
significant  role  in  optimization  of  actual  circuit  design  parameters. 


(2)  Procurement  Procedures 

It  was  recommended  that  power  supply  requirements  be  reviewed  relative 
to  over-sneci  ficr^ti  on  of  TWT  requirements,  including  ' some  cases,  unnecessary 
protective  circuitry.  Also,  the  power  supply  desig,:  chould  be  required  to 

communicate  with  the  TIVT  designer  before  the  power  suppl>'  design  specifications 
are  finalized. 

More  attention  should  be  given  to  preparation  of  the  general  require- 
ments portion  of  the  specification,  to  allow  the  power  supply  designer  to  obtain 
more  of  an  in-depth  appreciation  for  these  requirements  and  to  <^:cilitatc  an 
intelligent  interpretation  of  the  specification,  so  that  tradeoff-  and/or 
specification  additions  can  be  proposed,  which  will  ultimately  result  in  cost 
savings . 
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6.  SOLID-STATE  AMPLIFIERS 

a.  Introduction  and  Sunmiary 

As  with  the  other  major  components  employed  in  ECM  systems,  the  high 
cost  of  employing  solid-state  amplifiers  is  due  to  both  procurement  procedures 
and  technical  limitations.  Since  solid-state  amplifier  devices  are  generally 
not  well-defined,  there  is  a tendency  to  use  them  in  state-of-the-art  configura- 
I tions.  Thus,  the  general  comments  of  Section  I relative  to  the  need  for  orderly 

research  and  development  efforts  are  also  applicable  here.  Previously  de- 
scribed procurement  procedures  for  these  state-of-the-art  devices  are  also 
applicable  in  this  case. 

b.  Specific  Recommendations 

(1)  Standardization,  Mid-Term  R^D 

As  noted  previously,  critical  components  such  as  solid-state  amplifiers 
should  be  developed  on  separate  development  programs  to  provide  the  improved 
system  capabilities  needed  in  the  2 to  5 year  time  period.  To  allow  such 
programs  to  be  established,  it  is  first  necessary  to  identify  solid-state 
amplifiers  which  will  be  required  by  ECM  systems  of  the  future.  This  standardi- 
zation should  include  both  the  basic  RF  performance  and  the  various  interfaces 
such  as  prime  power,  connectors,  and  cooling  provisions.  RF  performance  should 
be  considered  with  characteristics  such  as  bandwidth,  gain,  output  RF  power, 
efficiency,  and  noise  figure.  It  was  recommended  that  the  following  efforts 
be  pursued  as  part  of  a solid-state  amplifier  standardization  effort. 

1.  Init-'te  R^jD  t"ansistor  programs  to  advance  the  development 
of  power  transistors  for  frequencies  from  50  MHz  to  2.5  GHz: 

a.  10  improve  tl>e  reproducibility  of  important  character- 
istics . 

b.  To  generate  a family  of  standard  transistors  and  to 
thoroughly  characterize  each  of  the  standard  transistors. 
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2.  Initiate  R§D  transistor  programs  to  develop  standard  octave- 
bandwidth,  high-power  transistors  for  frequencies  higher  than 
2.5  GHz.* 

3.  Upon  completion  of  program  no.  1,  initiate  R§D  transistor 
amplifier  programs  to  improve  design  characterization  and 
standardization  of  amplifiers.  Computer-aided  design 
techniques  should  be  employed. 

4.  Upon  completion  of  program  no.  2,  initiate  R^D  transistor 
amplifier  programs  to  build  standard  transistor  amplifier 
modules  for  the  higher  frequencies  required  for  ECM  appli- 
cation. Standard  amplifier  modules  should  be  developed  for 
intermediate  amplifier  stages,  whereas  final  power  amplifier 
stages  should  be  developed  to  meet  requirements  of  a 
particular  ECM  system. 

5.  Initiate  an  R§D  program  to  reduce  insertion  losses  of  micro- 
wave  components  employed  with  amplifiers,  including  filters, 
combiners,  directional  couplers,  hybrids,  isolators,  etc. 

6.  It  was  recommended  that  the  transistor  amplifier  developer 
should  not  be  the  same  company  that  develops  and  manufactures 
the  transistors  used  in  the  amplifiers. 

(2)  Long-Term  RUl) 

It  was  recommended  that  long-term  developments  of  broadband  devices 
using  devices  otl:cr  than  transistors,  especially  Im;  u' diode  amplifiers, 
receive  continued  support  in  R^D  phases  in  order  t iy  develop  their 
potential  capabilities.  However,  such  amplifier  developments  must  be  con- 
sistent with  the  need  for  eventually  providing  high-power,  efficient  outputs 
across  ECM- type  bandwidths.  Because  these  .''"e  two  terminal  devices,  they  may 
eventually  be  more  cost-effective  than  the  three  terminal  classes  of  devices. 


•The  steering  committee  recommended  tliat  this  not  oe  done.  Sec  Section  IV. 


(3)  Procurement  Procedures 


As  with  the  other  major  components  which  may  be  employed  in  near- 
state-of-the-art  configurations,  solid-state  amplifier  procurement  procedures 
should  be  governed  by  the  considerations  outlined  in  Section  I.  This  would 
apply  particularly  to  the  short  term,  where  state-of-the-art  requirements 
should  be  avoided  if  costs  and  deliveries  are  to  be  optimized. 

7.  LOGIC  SYSTEMS 

a.  Introduction  and  Summary 

The  logic  systems  panel  consisted  of  a diverse  group  of  government 
and  industry  people.  In  general,  the  diverse  opinions  concerning  techniques 
for  reducing  ECM  costs  were  probably  due  to  the  following: 

1.  Logic  systems  within  ECM  systems  cover  many  applications,  and 
the  digital  technology  used  is  the  only  common  denominator 
for  these  applications. 

2.  The  majority  of  the  ECM  manufacturers  believe  that  their 
competitive  edge  is  maintained  by  their  digital  processing 
technology  and,  therefore,  are  unwilling  to  speak  of  specifics. 

3.  The  only  common  ground  these  manufacturers  hold  is  that  the 
Air  Force's  own  organization  and  purchasing  practices  are 
causing  the  rise  in  costs  of  ECM  logic  systems. 

There  was  unanimity,  however,  in  the  view  that  savings  were  urgently 
reeded  and  that  there  were  areas  in  which  realistic  savings  were,  indeed, 
achievable.  T*  was  the  moderator's  view  that  the  impact  of  logic  design  upon 
total  system  cost  is  particularly  profound  in  that,  through  effective  power 
management  (a  logic  design  function) , the  total  system  hardware  can  be 
significantly  affected.  That  is,  ECM  performance  can  be  markedly  improved 
(in  terms  of  higher  specular,  temporal,  and  modulation  efficiency)  for  a 
given  receiver/transmitter  configuration.  Conversely,  the  number  of  trans- 
mitters/power  supplies  needed  to  jam  a given  threat  environment  could  be 
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reduced  through  effective  management.  Therefore,  it  was  the  opinion  of  the 
panel  that  heavy  emphasis  upon  effective  power  management  techniques  can 
significantly  reduce  system  acquisition  costs. 

Commonality  and  standardization  were  discussed  at  length.  It  was  the 
moderator's  view  (not  universally  shared)  that,  from  an  operational  and  tech- 
nical viewpoint,  standard  ECM  systems  that  could  be  modularly  sized  to  the 
environment  are  possible.  However,  from  a practical  business  viewpoint,  it  is 
probably  not  practically  implementable. 

The  general  divergence  of  thought  led  to  a consensus  technique  for 
finalizing  the  views  of  the  panel.  A slate  of  recommendations  was  prepared. 
Each  was  voted  on  by  the  group  as  to  content  and  wording.  The  accompanying 
recommendations  are  the  consensus  of  the  group  as  to  means  of  reducing  ECM 
costs  in  the  logic  design  area. 

In  conclusion,  the  logic  design  panel  considered  the  requirement  for 
realistic  specifications  for  both  systems  and  components  to  be  the  major  cost 
driver  among  those  presented.  Secondly,  they  considered  the  interplay  between 
acquisition  cost  and  life  cycle  cost  to  be  fundamentally  important  to  cost 
savings.  They  also  recommended  a continuation  of  Air  Force-sponsored  studies 
of  this  nature  in  terms  of  regular  meetings  of  small  working  groups.  This  will 
assure  that  the  attack  on  the  cost  problem  is  officially  and  formally  pressed. 

b.  Specific  Recommendations 

(1)  Hardware 

Commercial  Components:  A study  of  the  appl  ic.ation  of  standard  com- 

mercial components  to  the  military  problem  was  recommended.  Areas  such  as 
quality  control,  environmental  suitability,  and  reliability  should  be  con- 
sidered. Unneeded  cost  driving  specifications  should  he  modified,  and  maximum 
use  of  commercial  hardware  should  be  made. 

Large  Scale  Integration  (LSI)  ; Foster  the  technology  in  LSI  which 
would  be  specialized  for  ECM  manufacturers.  Fixamples  of  components  which  would 
be  useful  in  EDI  equipments  and  which  are  not  available  now  arc: 
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• Fast  LSI  compare  between  limits 

• The  large  functional  building  blocks 

• Content-addressable  memories 

Microprocessors : The  development  of  small,  high-speed  microprocessors 

should  be  fostered  and  supported.  Modularization  was  recommended,  and  standardi- 
zation in  basic  arithmetic  and  logic  units  seems  to  be  possible  and  desirable. 

(2)  Design 

Digital  Circuitry:  Designs  should  be  directed  towards  sensibly 

maximizing  the  use  of  digital  circuitry  as  a cost  saving  device.  The  center 
of  the  system,  the  computer,  is  digital,  and  it  was  recommended  that  the 
preprocessor  and  the  techniques  generator,  and  even  the  transmitter  at  the 
output,  use  digital  circuitry. 

Functional  Modularity:  The  use  of  functional  modularity  in  prepro- 

cessing and  techniques  generation  was  recommended.  It  would  provide  for  some 
standarization  in  hardware,  in  system  design,  and  in  sizing  the  equipment  to 
the  problem.  It  would  also  reduce  the  system  impact  due  to  changes  of  expan- 
sion. 

Performance  Specifications:  A study  should  be  undertaken  to  determine 

realistic  system  requirements  as  a function  of  vehicle  and  engagement  area.  It 
was  further  recommended  that  performance  specifications  be  written  in  terms  of 
specific  scenarios  as  opposed  to  worst-case  parameter  requirements.  This  would 
afford  the  designer  greater  flexibility  in  configuring  an  adequate  and  lower 
cost  system. 

(3)  Standardization 

Documentation:  Documentation  delivered  with  operational  computer 

programs  should  be  standardized. 

Language : The  standardization  of  language  should  be  studied. 

Algorithms : Standardization  of  algorithms,  except  in  limited  cases, 

does  not  appear  practical  without  standardized  hardware.  However,  documenta- 
tion and  dissemination  of  algorithms  is  recommended. 
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Functional  Interfaces:  Attempts  should  be  made  to  standardize  func- 

tional interfaces  within  the  logic  system. 

General:  A study  should  be  started  and  definitive  work  published  on 

the  possibilities  and  limitations  of  deinterleaving,  parameter  derivation,  and 
ECM  techniques.  This  would  avoid  needless  repetition  of  studies  and  possible 
false  starts  in  hardware  development. 

(4)  Software 

Higher  Order  Languages  (HOL) : The  use  of  higher  order  languages  that 

are  commercially  supported  was  recommended.  The  savings  in  initial  design  and 
in  support  would  be  significant.  However,  the  unit  equipment  costs  may  be  some- 
what higher  due  to  the  relative  inefficiency  of  the  HOL.  It  was  emphasized  that 
the  savings  in  HOL  will  only  be  realized  with  the  use  of  mature  compilers  and 
translators. 

Software  Packages : The  panel  recommended  that  the  contractor  provide 

distinct  software  packages  to  accomplish  the  following: 

• Effective  bench  test  and  validation  of  receiver/transmitter 
subsystems 

• Initial  flight  test  evaluation  of  the  system 

• Operational  mission  requirements 

Sufficient  schedule  flexibility  should  be  permitted  for  conducting 
the  evolutionary  levels  of  testing  to  confirm  operational  software. 

(5)  Life  Cycle  Costs 

The  panel  acknowledged  that  a conflict  exists  between  acquisition 
costs  and  life  cycle  costs  and  recommended  a continued  study  of  the  problem 
to  allow  industry  and  the  Air  Force  to  define  total  system  cost  and  weight  the 
elements  properly. 
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(6)  Advanced  Development 

Introduction:  Reprogrammable  multiple  pulse  train  trackers,  multiple 

pulse  train  deinterleavers  and  bulk-data  memory  comparators  are  specific  areas 
that  relate  to  immediate  and  pending  logic  problems.  Hardware/LSI  (Large  Scale 
Integration)  developments  in  these  areas  will  have  broad  ECM  system  application 
potential,  will  contribute  to  reducing  overall  system  costs  and  increased 
system  flexibility,  and  at  the  same  time  will  lead  to  establishing  universal 
low  cost  ECM  system  logic  building  blocks. 

Pulse  Train  Tracker  Module:  Present  and  future  power  management  type 

ECM  systems  utilize  PRI  pulse  train  trackers.  This  capability  is  in  essence 
reinvented  with  each  new  system  start.  The  development  of  a versatile  logic 
tracker  module  would  lead  to  logic  module  standardization  and  provide  cost 
saving  benefits.  The  flexible  tracker  module  should:  be  reprogrammable;  be 

computer/microprocessor-interface- compatible;  be  capable  of  handling  stagger- 
type  pulse  trains;  provide  data  smoothing  for  jitter-type  pulse  trains;  perform 
PRI  interval  and  phase  corrections;  and  provide  synchronous  timing  pulses  to 
ECM  technique  generators.  The  payoff  would  be  significant  cost  savings 
resulting  from  minimizing  redundant  hardware  on  a per- signal  basis  and  modular 
commonalities.  The  tracker  module  would  be  capable  of  tracking  at  least  16 
signals  simultaneoulsy . 

Pulse  Train  Deinterleaver  Module:  A companion  to  the  PRI  tracker  is 

the  pulse  train  deinterleaver  module.  This  flexible  module  should  provide  the 
capability  for  real-time  deinterleaving  of  composite  video  pulse  trains  and 
should  be  interface-compatible  with  crystal  video,  superheterodyne,  and 
channelized  receivers.  This  interface  flexibility  would  permit  the  module  to 
have  broad  ECM  application  potential  and  provide  significant  cost  savings  as 
a basic  ECM  logic  building  block.  This  module  should  be  reprogrammable, 
capable  of  identifying  a pulse  train  as  either  a new  signal  or  a stagger  sub- 
set of  a currently  acquired  signal,  and  capable  of  acquiring  both  frequency 
hopping  and  jitter  type  signals.  This  module  should  be  interface-compatible 
with  the  PRI  tracker  for  pulse  train  handoff  and  update.  Microprocessor/com- 
puter interface  compatibility  should  be  provided  to  enable  priority  structuring 
and  updating  of  active  threat  file. 
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Bulk  Memory/Data  Comparator  Module:  ECM  data  processing  throughput 

rates  for  current  and  projected  signal  environments  are  significantly  increasing. 
Current  software/computer  approaches  and  implementation  techniques  are 
approaching  throughput  saturation.  The  choices  available  as  a solution  to 
this  problem  are  either  faster  clock  rate  processing  or  parallel  hardware  pro- 
cessing. The  former  approach  would  necessitate  evolving  to  higher  speed 
computer/processing  equipment  with  associated  higher  power,  cooling,  and  cost 
problems.  The  latter  approach  would  increase  hardware  costs  significantly.  In 
the  area  of  logic/processing,  this  increase  in  cost  may  not  necessarily  be  the 
case  due  to  state-of-the-art  LSI  integrated  circuit  technology. 

Parallel/bulk  memory  data  comparators  directly  impact  costs,  data 
processing  rate  and  throughput  capacity.  Current  modules  such  as  CAM  (Content 
Addressable  Memory)  type  memories  have  an  eight-word  by  four-bit  storage  and 
comparator  capability.  State-of-the-art  IC  (Integrated  Circuit)  technology 
makes  it  potentially  feasible  to  extend  this  parallel  bulk  memory  comparator 
capability.  A high-bit-density  module  would  contribute  to  significantly 
increasing  data  processing  throughput  capability  without  paying  the  penalty 
and  cost  of  higher- speed/power-type  logic  technology. 

8.  AIRCRAFT  INTEGRATION 

a.  Introduction  and  Summary 

The  Aircraft  Integration  Panel  considered  a number  of  important 
factors  relating  to  ECM  costs,  .^mong  the  key  factors  considered  were; 

• Antenna/ aircraft  interface  (including  radomes) 

• ECM  equipment  interfaces  (connectors,  cables,  transmission  lines) 

• Environmental  Control  Unit  (ECU)  interfaces 

• ECM/prime  power  interfaces 

• ECM/Electromagnetic  Interference  Compatibility  (EMIC)  impacts 

Cost  drivers  were  considered  from  both  the  user  and  supplier  point 

of  view.  Problems  related  to  two  types  of  installations  (modifications  to 
existing  vehicles  and  designs  of  new  systems)  were  considered.  It  was  evident 
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that  the  earlier  planning  for  aircraft  integration  and  installation  could  be 
performed,  the  greater  the  cost  reductions  would  be  in  this  area.  Add-on 
installations  by  their  very  nature  tend  to  be  costly  because  of  restrictions 
either  on  aircraft  or  ECM  equipment  modifications,  or  the  complications  of 
EMI/EMC  problems. 

The  findings  of  the  Integration  Panel  applied  across  the  board  to 
avionics  in  general  and  emphasized  standardization  and  near-term  improvements. 

b.  Cost  Drivers 

Since  add-on  installations  tend  to  be  more  costly  than  new  installa- 
tions, the  panel  identified  typical  cost  drivers  in  the  aircraft  installation/ 
integration  associated  specifically  with  a B-52  and  indicated  that  the  figures 
would  also  be  reasonable  for  an  F-4  modification.  The  following  five  major 
cost  drivers  and  their  associated  factors  were  identified: 

Percent  of  Total 
Instal 1 at  ion/ Integration 
Cost  Drivers  Costs  

1.  Antenna/airframe  interface  40 

including  radomes  and  transmission 

lines 

a.  Antenna  pattern/isolation 

measurements 

b.  Structural  modification 

2.  ECM/EMIC  impacts  20 

a.  Radar  Warning  Receivers 

- Equipment  Susceptibility 

- Use  of  adaptive  thresholding 
and  noise  cancelling, 
schemes 

- Inherent  rejection  of 
undesired  signals  by 
precision  RWR  signal 
processing 
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Cost  Drivers 


Percent  of  Total 
I ns tall at  ion/ Integration 
Costs 


b.  Active  ECM 

- Suitable  provisions  for 
blanking,  lookthrough, 
etc.,  incorporated  into 
ECM  equipments  during 
design  phase 

- Standardized  blanking 
interfaces 

- Use  of  physically  similar 
pods  to  reduce  flight 
certification  costs 

3.  ECM  equipment  adaptors,  cables,  20 

harnesses,  racks 

a.  Equipment  adaptors  and 

mounting  racks 

- Equipnient  size 

- Environmental  requirements 

b.  Cabling  and  harnesses 

- Major  cost  impact:  high- 

frequency  coaxial  cables 

4.  ECM/prime  power  interface 


a. 

Compatibility  with  existing 
aircraft  power  sources 

10 

ECM/ECU  interface- -using  ram  air 

10 

a. 

Required  temperature  levels  and 
equipment  heat  dissipation 

b. 

Compatibility  with  existing 
ECU  package 

c . Specific  Recommendations 

The  recommendations  identified  areas  or  technology  requiring  RfiD  which 
would  iii’.pact  acquisition  costs.  Again,  because  many  of  the  aircraft  installa- 
tion/integration problems  are  associated  with  modifications  or  "add-ons"  to 
existing  systems,  many  of  them  are  directed  towards  those  types  of  systems  and. 
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by  their  nature,  do  not  represent  "new  technology  starts."  The  recpnimendations , 

* 

in  some  instances,  are  similar  to  those  of  the  other  panels,  but  they  are 
specifically  identified  because  of  their  cost  impact  on  aircraft  integration. 

(1 ) Hardware 

Transmission  Lines:  Development  of  improved  cable  and  RF  transmis- 

sion line  systems  is  required. 

• A need  for  an  integrated  development  approach  among  the 
EW  system  supplier,  cable/transmission  line  supplier,  and 
system  integrator 

• Funds  should  be  allotted  specifically  for  improved  cable 
and  transmission  lines  with  emphasis  on  lower  loss  cables 
and  connectors  and  wideband  characteristics  with  consis- 
tent phase  characteristics 

• Competition  should  be  fostered  to  develop  more  sources 
for  complete  transmission  line/cable  assemblies 

• A need  to  develop  EW  equipment  design  techniques  which  would 
eliminate  the  need  for  flexible  waveguides 

Power  Supplies:  Develop  high-frequency,  solid-state  prime  power 

supplies,  for  new  installations  only,  which  would  reduce  the  weight  and  lower 
the  cost  to  both  aircraft  and  EW  equipment. 

Cooling/Sealing : Liquid  cooling  systems  are  preferred  because  they 

are  more  cost  effective  in  high-density  heat  loads,  and  an  integrated  cooling 
system  design  approach  should  be  considered  early  in  the  system  design.  In 
conjunction  with  liquid  cooling,  improved  seal  design  techniques  are  required 
to  reduce  maintainability  problems. 

(2)  Environmental 

Nuclear:  Nuclear  hardening  requirements  for  EW  equipment  should  be 

evaluated  to  determine  if  any  unique  requirements  exist,  and  any  available 
expertise  should  be  disseminated  to  the  EW  community. 
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Specification : Missionized  environmental  test  specification  develop- 

ment should  be  explored,  since  cost  reductions  may  occur  by  deleting  nonessen- 
tials in  MIL-E-5400. 

Temperature:  Temperature  cycliiig  and  temperature  extremes  should  be 

minimized  so  that  component  requirements  can  be  relaxed  and  wider  use  of 
commercial  components  be  made. 

(3}  Systems 

Multiplexing  (MUX) : Multiplexing  techniques  for  high-signal-density 

application  are  desirable  and  should  be  carefully  considered  in  the  design  of 
an  EW  installation  because  MUX  would  reduce  quantities  of  transmission  lines, 
reduce  EMI/EMC  problems,  and  provide  S/V  payoffs.  However,  a tradeoff  study 
should  be  performed  prior  to  incorporating  a MUX  system  to  determine  cost/ 
performance  gains. 

Integrated  Packaging:  A study  is  required  of  ways  to  reduce  or 

eliminate  duplication  of  packaging  and  environmental  control  components.  A 
key  consideration  of  this  study  should  be  the  maintainability  impact  of  such 
criteria. 

(4)  Standardization 

Integration  Contractor:  If  a separate  integration  contractor  approach 

is  used,  then  a single  program  manager  for  the  aircraft  installation/integration 
who  has  authority/responsibility  to  control  overall  EW  equipment/aircraft  inte- 
gration should  be  used;  he  ma\‘  also  be  the  prime  contractor. 

Data : Ihe  contractor  d.ara  format  should  be  \ised  as  much  as  possible 

and  the  number  of  data  items  and  data  -.ipproval  items  required  should  be  reduced. 
Also,  the  number  of  data  submissions  required  should  be  reduced  through  the 
expanded  use  of  the  data  accession  list. 

GFE : The  use  of  Gli'.  or  the  imposition  of  standardization  requirements 

must  carefully  consider  the  impact  on  the  total  system  acquisition  cost  and  the 
logistic  pipeline. 


JO 


Li 


DAIS : The  digital  avionics  information  system  should  consider  the 

cost  impacts  of  the  EW  function  early  in  the  design  phase  because  of  the  unique 
characteristics  of  EW  systems  and  the  dynamic  nature  of  the  threat;  more 
cost  payoff  may  accrue  from  digital  processing  outside  the  DAIS  framework. 

AGE  SPO:  The  establishment  of  an  AGE  special  projects  office  similar 
to  the  life  support  or  simulator  SPOs  should  be  considered  to  determine  the 
balance  between  the  flight  line  AGE  and  BITE  (Bin"  It  In  Test  Equipment)  and  also 
to  minimize  the  proliferation  of  AGE. 

Test:  The  merits  of  a centralized  EW  integration  test  facility 

(including  a full-scale  anechoic  chamber)  should  be  studied. 

Aircraft  Signatures:  Control  of  radar  cross  section,  infrared,  etc., 

should  be  required  in  new  aircraft  and  external  stores  design. 

EW  Installations:  The  preferred  approach  to  aircraft  EW  system 

design  is  internal  installation  with  adequate  growth  provision  (by  modulator 
add-ons)  to  reduce  the  impact  on  installation  cost  and  aircraft  performance. 

MESA:  The  multifunction  elemental  system  approach  should  be  considered 

because  it  may  reduce  redundancy  of  the  total  avionics  package  and  provide  cost 
savings  because  of  commonality. 

Thermal/Mechanical  Design:  The  EW  equipment  suppliers  should  exploit 

the  existing  knowledge  in  thermal  and  related  mechanical  design  techniques  and 
develop  a handbook  (similar  to  the  SAE  Aerospace  Thermodynamics  Manual)  for 
use  by  EW  manufacturers . 

9.  SYSTEM  DESIGN 

a.  Introduction  and  Summary 

Recommendations  were  formulated  relative  to  component  development, 
standardization,  system  requirements,  and  institutional  procedures.  Components 
recommended  for  further  development  were  MICs,  SAW  devices,  and  TWTs.  Improve- 
ments in  bandwidth,  average  power,  pulse-up,  and  efficiency  of  TWT  amplifiers 
were  included.  Standardization  recommendations  were  directed  toward  TWT 
amplifiers,  microprocessors,  and  software.  System-oriented  considerations 
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included  the  determination  of  effects  of  reduced  RCS,  the  determination  of 
on-aircraft  antenna  patterns,  and  the  basic  format  of  future  system  configura- 
tions. 


b.  Specific  Recommendations 

(1)  Mid-i'erm  Riil)  Standardization 

Microwave  Integrated  Circuits  (MIC) 

It  was  recommended  that  ARAL  initiate  a program  to  study  the  suit- 
ability of  standardizing  high  usage  RF  and  microwave  circuits  and  components 
in  integrated  configurations,  liach  ECM  system  has  a multitude  of  low-level 
RF  and  video  circuits  and  components  which,  if  properly  integrated  into  MIC 
modules,  could  effectively  reduce  cost,  volume,  and  power  as  a retrofit  to 
present  equipments  (when  modified  for  performance  improvement  1 . Ihe  modules 
would  also  form  the  basis  for  standardized  low-level  modules  providing  such 
functions  as  RF  amplification,  modulation,  signal  sources,  mixers,  etc. 

An  additional  task  recommendation  was  to  compile  a catalog  of 
selected  industry-developed  MIC  modules  to  develop  an  interim  standardized 
list  of  MIC  modules.  Cost  savings  over  previous  lump  constant  and  hybrid 
MIC  circuits  is  unknown  but  can  be  high,  depending  on  the  extent  of  the 
standardizati on. 

Surface  Acoustic  Wave  (SAW)  Devices 

It  was  recommended  that  AFAl.  initiate  an  evaluation  of  surface 
acoustic  wave  (SAWl  devices  relative  to  FCM  system  needs.  These  devices  offer 
tile  possibility  of  significant  cost  and  size  savings  in  a number  of  applica- 
tions. iVhere  appropriate,  recommendations  should  be  made  for  specific  SAW 
device  developments  to  meet  FCM  system  requirements.  Possible  applications 
and  estimated  cost  savings  of  SAW  devices  to  FCM  include: 

• Channel  filters  for  receivers  (est.  35%  savings  on  receiver  costs') 

• I.Uspcrsivc  delay  line  receivers 

• Delay  lines  for  repeaters 
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Frequency  synthesizers 
IF  filters 

Pseudo-real-time  correlation 


The  study  should  include  considerations  for  reducing  and/or  developing  system 
techniques  for  circumventing  undesirable  characteristics  of  SAW  devices  such 


• Triple  transit  effects 

• Direct  feedthrough 

• Bulk-wave  propagation 

• Quarter-wave  transducer  effects 

• Bidirectional  insertion  loss 

• Impedance  mismatch 

TWT  Amplifier  Improvements 


Bandwidth : Multi-octave  TWT  technology  may  be  needed.  Applicable 

equipments  are  low-cost,  lightweight  systems  where  the  price  goals  do  not  permit 
use  of  normal  octave  band  TWTs . This  tube  would  be  employed  to  meet  ECM 
requirements  where  the  threat  is  of  a low  priority  in  one  octave,  and  all  high 
priority  ECM  signals  can  be  countered  by  a single  tube.  Ideally,  the  tube 
would  have  a form  factor  such  as  to  fit  in  the  applicable  existing  equipment. 
Dual-octave  coverage  is  a design  objective.  This  tube,  utilizing  the  existing 
equipment  power  supply,  may  result  in  a net  10%  savings  in  system  costs,  even 
when  extending  the  tube  cost  by  a factor  of  two.  Before  pursuing  development 
of  a multi-octave  TWT,  the  appropriate  studies  should  be  conducted  to  better 
quantify  the  savings  associated  with  such  a device. 

Pulse-Up  Duty  Cycle:  It  was  recommended  that  effort  be  given  to  the 

development  of  a TWT  with  an  extended  duty  cycle  (10%)  and  an  increased  pulse-up 
capability  (to  3 dB) . The  tube  would  have  application  for  the  F-15  ICS,  B-1, 
and  Multews.  Specific  technology  needs  are: 
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Improvement  of  multi-collector  configuration 

b.  Efficiency 

c.  Means  for  higher  dissipation  to  improve  the  tube  duty 
cycle  characteristics 

The  cost  improvement  program  could  result  in  an  approximate  10%  saving. 

Frequency  Synthesizers 

It  was  recommended  that  AFAL  initiate  a study  to  investigate  the  cost 
advantage  of  a frequency  synthesizer  for  ECM.  These  devices  produce  a stable 
source  of  microwave  oscillations  at  a commanded  frequency  within  100  nano- 
seconds of  receiving  a digital  command.  As  such,  the  frequency  simthesizer  has 
the  capability  to  perform  ECM  techniques  for  pulse,  pulse  doppler,  and  CW  i 

signal  generation,  and  it  can  be  a source  of  BIT  (Built-In  Test)  simulation. 

I'he  study  should  include  a determination  of  how  the  frequency  synthesizer  can  j 

best  perform  these  functions  and  the  system  interfaces  involved  in  these  ; 

applications.  The  study  should  also  consider  the  cost  effectiveness  of  a ; 

frequency  synthesi zer  as  compared  to  other  methods  of  performing  the  stated 
ECM  functions  for  ECM  systems  of  several  degrees  of  complexity.  Assuming 
favorable  cost  effectiveness,  it  was  recommended  that  a brassboard  development 
be  initiated  to  demonstrate  the  frequency  synthesizer  performance  for  use  in 
systems  employing  advanced  ECM  architecture. 

c , .Standardization 

(1)  Standardized  TIVT  and  Power  Supply 

It  was  recommended  that  .AFAl.  perform  a study  to  determine  the  cost 
savings  that  could  be  attained  in  production  by  standardizing  Tl\Ts  and  a 
power  supply  matched  to  the  tube  design  parameters.  Emphasis  should  be  placed 
on  the  lower- level  TKTs. 

(d)  Microprocessor  Standardization 

The  potential  cost  savings  that  may  be  realized  by  standardization 
and  other  technological  advances  in  the  RF  chain  could  quite  easily  be  con- 
sumed in  the  development  of  microprocessors  that  arc  required  to  cope  with 
more  exotic  and  denser  threat  environments.  Recently,  microprocessors  have 
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been  proposed  as  central  elements  to  perform  the  following  EW/ECM  system 
functions : 


• Demultiplexing  dense  environment  data  rates 

• Signal  sorting  and  threat  recognition 

• Antenna  control  (steering,  DF  calculations) 

• Adaptive  receiver  control 

• ECM  techniques  generation 

• Displays  and  intersystem  communications 

• BITE  with  significantly  reduced  AGE  requirements 

Currently,  many  different  structures  exist.  This  hardware  architec- 
ture could  be  standardized  to  prevent  cost  growth.  Studies  should  be  initiated 
now  to  investigate  the  feasibility  of  such  standardization,  at  least  to  address 
the  near-term  mod-kit  solutions  that  will  be  required  through  1980. 

The  Air  Force  should  take  advantage  of  the  "standard"  microprocessor 
family  currently  going  into  commercial/industrial  production  to  realize  a 
considerable  cost  savings  potential . 

(3)  Software  Standardization  Study  Subset  (Near  and  Long  Term) 

• Optimize  particular  ECM  suite  functions  (i.e.,  enhance  signal 
correlation  and  linearize  VCO  operation)  by  utilizing  hybrid 
firmware,  software  tools,  and  components. 

• Sectionalize  the  software  in  current  systems  to  speed 
operations  (i.e.,  PRI/pulse  sorting,  frequency  determination, 
etc.)  and  to  enhance  software  applicability  to  specific  EW 
missions  in  adaptive  EW  systems  as  well  as  dedicated  EV'f 
systems . 

• Utilize  core-oriented  instruction  sets  currently  dedicated 
for  system  control , where  these  instruction  sets  can  enhance 
signal  processing  and  jammer  control.  This  application  infers 
foreground/background  software  operations.  Also,  the  relief 
of  executive  routings  should  be  accomplished  by  firmware. 
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• Utilize  distributed  processing  techniques  in  updating 
current  software  to  be  more  responsive  to  the  F.W  system 
requirements,  which  include: 

Sequencing  software  tasks 

Dedicated  software  tasks 

Software  distributed  among  interconnected  processors 
to  accomplish  decentralized  distributed  computing. 

• Permit  a standard  allocation  of  procedural  software  for 
future  system  inequities  (hardware  workarounds), 

• Integrate  algorithms  and  new  system  control  functions 
via  software  into  existing  systems  to  extend  applications 
and  life  cycle. 

• Conduct  BIT  functions  by  software/firmware  on  an  automatic 
timely  basis. 

d.  System  Requirements 

(1)  Advanced  I;CM  System  Arcliitecture  Study 

It  was  recommended  that  a study  be  initiated  to  evolve  the  character- 
istics of  a future  (1980)  low  cost  ECM  system.  The  study  should  consider 
existing  technology,  namely,  the  utilization  of  distributed  microprocessors, 
a data  bus,  software,  and  BIT  modules.  The  system  should  permit  the  addition 
of  growth  functions  while  still  retaining  the  basic  architecture.  Specific 
functions  of  the  generic  system  should  include:  emitter  listing,  threat 

warning,  complete  jammer  control,  signal  correlation  and  signal  enhancement, 
and  ESM  functions. 

The  study  should  define  the  basic  architecture  for  a low  cost  system 
operating  in  the  1980  environment.  BIT  should  be  incorporated,  negating 
significantly  the  requirement  foi-  .AfiE. 
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(2) 


RCSR  Cost  Impact  Study 


The  committee  emphasized  the  importance  of  radar  cross  section 
reduction  (RCSR)  as  a cost  driver.  Before  RCSR  can  be  given  up  as  a practical 
cost  driver,  the  true  integration  costs  to  design  it  into  new  (B-2,  F-19)  and 
existing  (F-16)  airframes  should  be  determined  through  a RCSR  cost  impact  study. 
A continuing  study  was  recommended,  emphasizing  preintegration  meetings  between 
the  hCM  and  aircraft  integration  contractor  and  the  cognizant  SPO. 


(3)  On-Aircraft  Antenna  Pattern  Measurement 

The  panel  recommended  that  the  Air  Force  consider  providing  a full- 
scale  electromagnetic  mock-up  facility  for  each  new  aircraft  which  is  expected 
to  require  ECM  equipment  installation.  The  mock-ups  would  be  used  to  measure 
on-aircraft  antenna  patterns  for  use  in  analysis  and  simulation  tests,  to 
determine  optimum  antenna  locations,  and  to  evaluate  the  effects  that  external 
stores  and  variable-geometry  airframe  structures  have  on  radiation  patterns. 
Such  measurements  have  already  been  made  on  mock-ups  of  the  B-52  for 
Linebacker  II,  on  the  F-4,  and  are  already  planned  for  the  F-111.  This  same 
facility  could  include  capability  for  full-scale  electromagnetic  compatibility 
tests  in  a (secure)  anechoic  cliamber. 

e.  Institutional  Recommendations 

(1)  Scenario  Data 

It  was  recommended  that  ECM  manufacturers  be  provided  with  threat 
scenario  data  very  early  in  their  program,  even  at  the  RFP  stage.  The  data 
would  be  used  to  help  improve  the  effectiveness  of  the  design  and  could  assist 
in  reducing  costs.  A flexible  but  standard  scenario(s)  would  minimize  the 
need  for  a total  scenario  analysis  with  each  new  contract. 


(2)  Aircraft  Integration 

Early  participation  of  the  ECM  manufacturer  in  the  airframe/equipment 
integration  should  be  a matter  of  USAF  policy.  Close  contact  between  the 
manufacturers'  design  engineers  and  the  problem/environment  of  the  proposed 
ECM  equipment  location  should  materially  reduce  costs  by  avoiding  costly 
misunderstandings.  ,, 


(3)  Cost  Analysis  Prior  to  Production  i 

i 

At  the  CDR  and/or  at  the  conclusion  of  flight  testing,  the  Air  Force  | 

and  the  contractor  should  conduct  a value  analysis  to  trade  cost  versus  j 

performance  with  a view  toward  obtaining  the  most  cost-effective  performance.  ] 

i 

Candidate  tradeoff  parameters  could  be  simplification,  power  output,  frequency  i 

coverage,  antenna  pattern  as  a function  of  single-shot  probability  of  kill,  and 

cost.  Consideration  should  be  given  toward  providing  the  using  Command  with 

performance  versus  cost  sensitivity  data  during  the  requirement  formulation 

process  so  that  the  requirement  is  more  responsive  to  cost.  The  using  Command 

should  also  be  made  aware  of  and  urged  to  participate  in  cost  performance  trades 

during  the  equipment  development  acquisition  process. 

(4)  Recommendation  for  Service  Test  Phase  as  Part  of  R^D  Phase 

The  Panel  recommended  that  a service  test  phase  be  initiated  as  part 
of  the  R§D  cycle.  Five  to  ten  prototype  systems  would  be  procured  during  the 
phase  prior  to  a production  commitment.  Test  units  would  be  installed  in 
using  Command  aircraft  concurrent  with  extended  bench  qualification  testing. 

Periodic  reports  relating  to  parts  failure,  equipment  configuration  changes, 
and  performance  testing  would  be  made  and  consolidated  in  the  R§D  fixed  loop. 

The  cost  savings  cannot  be  quantified,  however.  It  is  readily  apparent  that 
significant  savings  would  be  accrued  by  enabling  early  fixes  to  the  equipment 
configuration  early  in  the  equipment  life  cycle. 

(5)  Data  Item  Recommendation 

DD  1423,  "Contract  Data  Requirements"  are,  in  total,  a high  cost  item. 

A part  of  initial  program  effort  for  each  new  procurement  should  be  a review 
of  data  requirements.  Data  requirements  and  data  procedures  need  to  be  stream- 
lined to  make  data  procurement  most  cost-effective.  Data  cost  tradeoffs  should 
be  made  part  of  program  negotiations. 
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10.  IR  SYSTEMS 

a.  Introduction  and  Summary 

The  task  of  the  infrared  panel  was  somewhat  more  difficult  than  that 
of  other  panels  because  the  IR  EW  field  stands  at  a much  earlier  point  in  its 
evolutionary  development  relative  to  the  whole  of  EW  technology.  Consequently, 

' the  requisite  experience  base  is  much  smaller.  While  on  the  one  hand,  the 

immaturity  of  the  IR  EW  field  represents  a drawback,  in  another  sense,  it 
represents  an  opportunity  to  profit  and  learn  from  the  mistakes  and  experience 
of  the  more  advanced  aspects  of  EW  technology.  The  challenge  over  the  next 
decade  will  be  to  recognize  and  differentiate  between  those  problems  which  can 
be  solved  by  analogy  to  the  EW  field  as  a whole  and  those  for  which  the  IR 
community  must  provide  its  own  cost  effective  solutions. 

The  initial  discussions  focused  upon  organization  and  ground  rules 
for  the  meeting.  The  panel  limited  itself  to  passive  and  active  IR  EW  systems 
operating  in  the  nominal  spectral  bands  1.8  to  2.7//m  and  3.0  to  5.3/im.  They 
considered  five  generic  types  of  systems,  using  data  from  specific  case  histories 
where  available.  These  are: 

• Scanning  Passive  Warning  Receivers  (e.g.,  AAR-34) 

• Fixed  Field  of  View  Warning  Receivers 

• Flash  Lamp  Jammers 

• Incandescent  Solid  Jammers 

• Laser  Jammers 

The  panel  attempted  to  restrict  itself  to  a discussion  of  acquisition 
costs,  although  some  points  related  to  life  cycle  cost  did  arise.  Also,  no 
attempt  was  made  to  belabor  the  institutional  problems  because  it  was  decided 
that  this  would  be  too  time-consuming  and  redundant  with  findings  of  other 
panels.  However,  it  was  recognized  that  the  institutional  problems  must  be 
addressed  if  cost  reductions  are  to  be  effected,  and  a list  of  recommendations 
[ in  this  regard  is  provided.  One  of  the  most  important  results  of  this  initial 

' conference  was  considered  to  be  the  laying  of  a foundation  for  future  low  cost 
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conferences  considering  IR  EW  systems.  It  is  therefore  necessary  to  note  a 
number  of  specific  areas  in  which  the  conference  was  implicitly  or  explicitly 
limited  by  the  ground  rules  or  the  panel  membership.  These  are  as  follows: 

• Unclassified  Conference 

• No  Consideration  of  Performance 

• No  Consideration  of  Life  Cycle  Costs 

• Single  Panel  of  Systems  Personnel 

• Limited  to  Five  Generic  Systems 

Given  the  time  and  background  of  the  panel  members,  it  is  unlikely  that  more 
could  have  been  accomplished  by  widening  the  scope.  The  reasons  for  limiting 
the  scope  are  reasonable  for  an  initial  thrust.  Nevertheless,  it  is  necessary 
to  review  the  impact  of  these  limitations  of  scope  with  the  intent  that  future 
undertakings  of  this  nature  might  be  more  specific  and  profitable. 

Taking  each  of  the  above  points  in  turn,  the  unclassified  conference 
seemed  to  be  a most  serious  limitation,  for  it  immediately  excluded  discussion 
of  performance  parameters  of  IR  EW  systems  and  specifically  excluded  certain 
whole  classes  of  IR  EW  systems  (e.g.,  OCM,  OPTINT,  etc.).  It  was  therefore 
recommended  that  future  conferences  be  classified. 

It  was  freel)'  acknowledged  that  the  relatively  modest  procurement  lots 
in  IR  EW  have  been  the  result  of  factors  other  than  cost.  Consequently,  more 
IR  EW  systems  would  not  be  produced  even  if  the  cost  were  substantially  reduced. 
Performance  is  still  the  controlling  factor.  A more  comprehensive  discussion 
of  this  problem  would  be  a natural  outgrowth  of  a classified  conference  and  may 
be  peculiar  to  TP  F'‘'  equipments.  However,  it  was  felt  to  be  a part  of  a more 
general  problem  existent  in  the  EW  field. 

At  some  point  in  the  evolution  of  low  cost  EW  endeavors,  it  is 
necessary  to  introduce  the  question  of  ultimate  performance  criteria  and  the 
implication  for  system  parameters.  W^at  are  they?  How  are  they  defined, 
measured,  simulated  and/or  determined  from  operational  data?  Statements  such 
as,  "The  systems  must  both  work  and  be  cost  effective  . . ."do  not  come  to 
grips  with  the  essence  of  the  cost  problem.  Performance  must  be  somehow 
quantified  in  terms  like  mission  survivability  and  this,  in  turn,  related  to 


parameters  such  as  probability  of  detection,  ranges  and  angles  of  coverage, 
jamming- to-signal  ratio,  etc.  When  this  is  accomplished,  it  is  then  seen  that 
"it  works"  is  only  a qualitative  number.  Cheaper  systems  will  be  seen  to  work 
less  well  than  more  expensive  systems,  other  things  being  equal.  The  burden 
for  reducing  costs  by  making  these  tradeoffs  in  pe.- . urmance  will  eventually 
fall  upon  hardware  contractors.  The  problem  or  je-Fining  the  measures  of 
effectiveness  and  developing  a methodology  for  c.ir.g  tradeoffs  is  primarily 
an  institutional  problem. 

Life  cycle  costs  were  not  considered  and  prob.ably  could  not  be 
considered  reasonably  by  this  panel  at  this  time.  The  quantities  of  production 
and  numbers  of  equipment  are  too  low,  and  the  industry  and  government  attendees, 
by  virtue  of  past  experience,  were  biased  to  R&D  and  production  as  opposed  to 
maintenance  and  logistics.  Life  cycle  costs  for  IR  ElV  equipments  are  expected 
to  present  special  problems  and  substantial  costs  and  should  therefore  be 
considered  in  the  future.  One  example  which  was  cited  shows  the  importance  of 
life  cycle  costs:  The  maintenance  costs  for  the  cooling  system  for  the  AAR-34 

have  thus  far  been  comparable  to  the  entire  RUD  effort  for  threat  detectors 
(all  contractors)  or  to  the  acquisition  cost  of  600  units.  The  exact  dollar 
estimate  of  these  costs  could  not  be  confirmed,  but  even  if  they  were  somewhat 
exaggerated,  they  emphasize  the  importance  of  life  cycle  costs. 

Other  panels  were  organized  according  to  systems  and  components.  In 
a sense,  the  IR  panel  was  represented  only  at  the  system  level.  l\Tiile  it  was 
conceded  that  it  would  have  been  premature  at  this  time  to  break  down  the 
panel  by  subsystem  elements  such  as  detectors,  sources,  optics,  cooling,  etc., 
this  should  be  done  at  future  meetings.  Eventually,  it  will  be  necessary  to 
provide  more  in-depth  data  on  IR  component  costs.  Since  the  IR  part  of  the  EK 
field  does  not  currently  constitute  a large  enough  fraction  of  the  EW  cost  to 
warrant  5 to  10  separate  panels,  an  alternate  method  for  obtaining  more  in-depth 
coverage  should  be  sought.  It  is  noted  that  the  IR  community  has  a number  of 
forums  for  providing  additional  depth  on  the  cost  problem.  Eor  example,  it 
may  be  of  value  to  have  a specialty  subgroup  of  IRIS  or  the  laser  conference 
devoted  to  cost  reduction.  Another  possibility  would  be  to  have  the  various 
working  groups  of  IRIS  put  cost  considerations  on  the  agenda  of  their  meetings. 
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The  five  generic  systems  considered  by  the  panel  did  not  completely 
represent  IR  EW.  For  example,  decoys  and  suppression  were  important  omitted 
subjects.  Furthermore,  there  are  other  IR  EW  systems  such  as  OCM,  Laser 
Countermeasures  and  OPTINT  which  were  not  represented.  It  was  therefore  recom- 

> 

mended  that  a broader  representation  of  infrared  and  electro-optical  EW  systems 
, be  considt  ed  in  the  future. 


b.  Current  System  Costs 


The  following  table  gives  the  estimated  cost  distribution  for  the 
two  generic  types  of  IRCM  equipment  which  have  had  limited  production. 

COST  DISTRIBUTION  FOR  IRCM  SYSTEMS 


Passive  fAAR-34j 


Active 


CALQ-12.3)** 

fAAQ-4/8)*** 


Components  and  Basic  Research  \% 

Feasibility  Studies  2% 

Design  (Through  EDM)  10% 

Test  and  Evaluation  2% 

Manufacturing  85% 

600  units 


5% 

22% 

18% 

5% 

50% 

100/100  units 


Does  not  include  R&D  costs  of  similar  competing  threat  warning  systems. 

The  active  column  is  based  upon  the  ALQ-12.5,  where  two  systems  competed 
through  the  ST'I  level. 


The  A.AQ-4/8  is  thought  to  have  a similar  distribution,  but  first-hand 
data  were  not  available  for  this  particular  system. 


The  quantity  of  IRCM  systems  is  large  enough  to  provide  reliable 
cost  guidelines,  but  only  for  two  systems,  that  is,  the  A^XR-SA  and  the  Arc 
Lamp  Jammers.  With  regard  to  the  fixed-field-of-view  threat  detectors,  the 
incandescent  source  jammers,  and  the  laser  source  jammers,  not  enough  systems 
have  been  produced  to  provide  reliable  guidelines. 
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c.  Cost  Drivers 

The  panel  identified  cost  drivers  associated  with  IR  systems  and 
noted  that,  in  the  past,  cost  was  completely  dominated  by  performance  factors. 
However,  a design-to-price  concept  would  allow  the  contractor  to  perform  the 
tradeoff  in  performance  by  providing  ranges  for  the  critical  parameters  and 
allow  him  to  optimize  the  delivery  schedule  for  cost  reduction. 

Suppression  and  signature  reduction  ha\e  a substantial  impact  on 

IRCM  performance  requirements  and,  consequently,  upon  IRCM  costs.  Conceptually, 

cost  and  performance  tradeoffs  between  suppression  and  other  forms  of  IRCM 
* 

are  possible. 

High  temperatures  and  attendant  cooling  problems  are  the  major  cost 
drivers  arising  from  environmental  constraints.  Window  materials  with  low 
emissivity  and  methods  of  window  cooling  are  considered  to  be  derivatives  of 
this  environmental  problem.  It  is  expected  that  the  problem  will  become 
increasingly  important  in  the  future  as  systems  are  required  to  look  forward. 

For  future  IRCM  systems,  laser  cooling  is  also  expected  to  be  a cost  driver. 

In  general,  the  IR  panel  was  not  critical  of  military  environmental  performance 
specifications.  These  consensus  was  that,  in  general,  they  are  reasonable  and 
well  thought  out.  It  was  noted  that,  in  some  cases,  the  vibration  specifications 
were  not  stringent  enough  for  the  specific  installations  of  IR  system.s.  This 
later  point  is  probably  a reflection  of  the  two  specific  systems  (ALQ-123  in 
a pod  and  AAR-34  on  top  of  the  vertical  stabilizer)  with  which  the  panel  was 
most  familiar. 

Aircraft  installation  and  interface  problems  are  a major  cost  driver, 

but  are  considered  to  be  outside  the  scope  of  the  IR  panel.  However,  a previous 
* * 

EO  panel  found  that  current  baseline  EO  system  installation  costs  are  17 
percent  of  the  other  acquisition  costs,  and  they  projected  that,  while  this 

* 

ASE  Measure  of  Effectiveness  (MOE) , Test  Requirements  CTR)  System  Require- 
ments CSR)  and  Associated  Analysis:  Interim  Technical  Report,  IR  Counter- 

measures (U) , 30  September  1974,  Calspan  for  AVSCOM  under  MIPR  A5873-F-74- 
1010,  Contract  F33615-73-C-4112  (SECRET). 

♦ * 

Air  Force/Industry  Electronics  Cost  Reduction  Conference:  Electro-Optics 

Panel,  March  24-29,  1974,  St.  Petersburg,  Fla.  (preliminary  copy  published 
by  Fairchild  Space  and  Defense  Systems,  Syosset,  LI,  E.  G.  Muehleck,  Chair- 
man) . 
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absolute  amount  would  decrease,  the  relative  costs  of  installation  would  rise 
to  25  percent.  A recommendation  for  earlier  identification  of  the  location 
and  interface  problems  was  made.  The  panel  did  not  feel  that  an  integration 
contractor  is  needed  or  that  cost  savings  could  be  made  by  using  an  inte- 
gration contractor. 

Major  cost  devices  are  listed  in  order  of  importance  by  functional 
areas  for  passive  and  active  systems  in  the  following  table. 

IR  SYSTEM  COST  DRIVERS 


Active 

Passive 

1. 

Stabi li zation 

1 . 

Stabilization  and  Tracking 

2. 

Sources 

2. 

Signal  Processing  and  Electronics 

3. 

Power  Supplies  and  Energy  Storage 

3. 

Optics 

Design 

Fabrication 

Materials 

4. 

Optics 

4. 

Detector  Arrays  and  Cooling 

Design 

Fabrication 

Materials 

5. 

Cooling 

5 . 

Cooling  (other  and  unique) 

d . Specific  Reconunendations 

Data  Access : Ihe  panel  felt  that  they  did  not  have  adequate  access 

to  data.  Four  specific  problem  areas  were  cited; 

• Interservice  fragmentation  of  intelligence  data 

• Increased  use  of  L-documents  for  everything  of  value 

• I.ong  time  lags  in  data  reduction  for  uOD  tests 

• Too  much  secrecy  witn  regard  to  DOD  planning 

Number  of  Competitors:  The  number  of  competitors  is  about  the  right 

level  in  the  IR  EW  field  and  also  in  various  special  areas  of  the  field.  How- 
ever, it  was  recommended  that  the  competition  be  continued  through  the  pre- 
production  or  service  test  model  level;  this  would  reduce  acquisition  costs. 
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Simulation  Facilities:  Generally,  the  simulators  currently  used  are 


considered  adequate  for  active  jammers  to  verify  basic  feasibility.  However, 
they  may  be  inadequate  for  obtaining  accurate  data  for  cost  reduction,  which 
implies  cutting  performance  margins  rather  closely.  For  passive  systems,  none 
of  the  simulators  was  considered  adequate.  The  general  inadequacy  lies  in  the 
simulation  of  the  background,  but  the  panel  did  not  recommend  any  solutions 
to  the  problem.  They  felt  that  the  problem  of  simulators  and  their  impact 
on  cost  reduction  was  sufficiently  complex  to  merit  a separate  study  and 
recommended  that  such  a study  be  undertaken. 

System  Integration:  Cost  savings  are  possible  through  greater  inte- 

gration with  microwave  sensors  and  with  on-board  processing  and  displays. 

Research  and  Development:  Both  new  technology  and  better  use  of 

existing  technology  are  needed  to  obtain  cost  reductions  in  IR  EW.  Table  1 
gives  specific  areas  for  which  the  application  of  current  R§D  funds  is  recom- 
mended for  the  purpose  of  reducing  manufacturing  costs  in  the  future.  It  was 
generally  felt  that,  while  adequate  consideration  and  funding  is  given  to 
new  technology  in  the  initial  thrust,  the  funding  is  dropped  too  soon  after 
feasibility  is  proven  or  a working  model  is  developed.  Frequently,  a serious 
gap  develops  because  critical  components  do  not  meet  size,  weight,  and  environ- 
mental performance  criteria  and  this,  in  turn,  increases  the  cost  of  later 
stages  of  system  development.  In  this  sense,  it  was  felt  that  the  emphasis 
should  be  upon  development  of  existing  technology. 


Scheduling:  The  contractors  should  have  the  latitude  to  optimize  the 
schedule  for  cost.  In  the  past,  the  procurement  cycle  has  been  inefficient  in 
two  ways.  Research  and  development  programs  through  preproduction  on  the  first 
production  run  have  been  too  accelerated.  Production  has  been  too  stretched 
out.  Both  production  and  R&D  suffer  from  intermittent  funding. 

Measures  of  Effectiveness:  Measures  of  effectiveness  or  bounds  on 

performance  which  allow  cost  reduction  tradeoffs  should  be  provided. 

Cost  Figures:  Approximate  cost  figures  of  both  the  R5D  and  production 

levels  that  are  acceptable  for  a given  problem  should  be  provided. 
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Section  III  j 

I 

SUMMARY  OF  OVERALL  SYSTEM  RECOMMENDATIONS  i 

This  section  elaborates  on  some  of  the  technologies  presented  in 
Section  II,  discusses  alternative  technological  approaches,  and  groups  together 
some  of  the  individual  panel  recommendations  to  point  out  possible  cost- 
effective  tradeoffs. 

1.  SYSTEMS  DESIGN 

The  Receiver  and  Systems  Design  Panels  both  recommended  the  study  of 
Surface  Acoustic  Wave  (SAW)  devices.  Presented  below  are  the  recommendations 
of  the  Systems  Design  Panel  concerning  advanced  development  of  SAW  devices. 

SAW  devices  have  many  EW  applications  (e.g.,  filters,  repeater  delay 
lines,  oscillators,  dispersive  receivers);  however,  they  are  relatively  new 
and  need  refinement  to  exploit  their  full  utility.  When  used  as  filters  in 
channelized  receivers,  they  can  improve  performance  and  are  smaller  and  cheaper 
than  conventional  filters,  the  cost  and  size  of  which  have  been  primarily 
responsible  for  the  limited  use  of  the  otherwise  attractive  channelized 
receivers.  Since  SAW  devices  are  manufactured  using  photolithographic  tech- 
niques, high  production/high  reproducibility  is  possible.  Considering  the 
number  of  filters  used  in  a channelized  receiver,  this  factor  is  important. 

Cost  reductions  can  also  be  confidently  predicted  when  SAW  devices 
are  used  to  replace  conventional  delay  lines.  While  USAF  does  not  possess 
large  numbers  of  delay  line  repeater  systems,  a SAW  delay  line  can  be  used 
in  this  conventional  role  to  effect  large  volume  savings  which  are  also 
reflected  in  lower  costs.  Improvements  such  as  reduced  insertion  loss  could 
effect  even  greater  savings  by  eliminating  a TWT  in  the  recirculating  loop. 

Also,  and  perhaps  just  as  important,  the  SAW  delay  line  can  be  employed  in  a 
repeating  noise  jammer  in  much  the  same  way  as  it  is  used  in  a repeater  system. 

Numerous  other  EW  applications  for  SAW  devices  are  appearing 
frequently  (e.g.,  dispersive  delay  line  receivers  and  secure  data  links  for 
mini-RPVs).  i 
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Some  goals  toward  developing  SAW  technology  are  listed  below.  Note 
that,  while  specific  numbers  are  given  as  goals,  and  some  have  been  realized 
in  the  laboratory,  achieving  these  values  in  production  will  result  in  the 
greatest  cost  saving.  Also,  it  should  be  noted  that  the  values  represent 
an  overall  "requirement,"  and  certain  applications  can  be  satisfied  with 
lower  performance. 

Filters 

• Noise  figure:  < 12  dB 

• Sidelobes:  55  to  60  dB 

• Insertion  loss:  ~6  dB 

Delay  Lines 

• Extend  frequency  to  3 GHz 

• Insertion  loss:  ~10  dB 

• Triple  transit  suppression:  55  to  60  dB 

Oscillators 

• Extend  high  frequency  to  800  MHz  - 1 GHz 

• Improve  short-  and  long-term  stability  for  quartz 
and  other  different  temperature-stable  materials 

Dispersive  Delay  Lines 

• Increase  bandwidth 

• Lower  pulse  compression  ratios 

• Improve  time-bandwidth  products 


2.  ANTENNA  SYSTEMS 

Phased  arrays  are  being  increasingly  considered  and  employed  for  ECM 
systems.  These  arrays  are  relatively  small  (15  to  20  elements)  compared  with 
radar  phased  arrays,  which  may  employ  a few  thousand  elements.  ECM  phased 
array  technology  is  separated  into  two  main  classes:  scanned-beam  and  multiple- 

beam  techniques. 
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a.  Scanned- Beam  Techniques 

Scanned-beam  arrays  presently  use  ferrite  phase  shifters  because  of 
their  high-power- handling  capability.  The  relative  cost  breakdown  for  the 


phased  array  is  given  below; 

Major  Component  % Cost 

Polarizer  14 

Array  Elements  7 

Phase  Shifters  30 

Drivers  20 

Power  Divider  14 

Input  Switch  15 


(to  switch  among  arrays 
for  360°  coverage) 

With  regard  to  ferrite  phase  shifters,  a need  was  indicated  for 
improved  manufacturing  techniques  of  low-loss  ferrite  toroids.  At  present, 
toroids  cost  $50  to  $200  apiece  (a  function  of  frequency  and  quantity).  Also, 
more  ferrite  vendors  are  needed  to  help  in  driving  cost  down.  Costs  of  $10  to 
$40  per  toroid  were  indicated  as  reasonable  goals. 

Phase  shifter  drivers  should  also  be  developed  to  reduce  cost,  and  a 
recommendation  for  LSI  device  development  was  made.  At  present,  driver  costs 
are  $75  to  $150  per  unit;  $25  per  unit  was  deemed  a reasonable  cost  goal. 

b.  Multiple-Beam  Techniques 

In  multiple-beam  arrays  developed  for  ECM  systems,  a TWT  amplifier 
is  associated  with  each  element;  therefore,  the  transmitter  power  output  stage 
is  combined  with  the  array.  The  relative  cost  breakdown  for  multiple-beam 
arrays  is : 
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Cost 


Major  Component  ^ 

Polarizer  11 

Array  Elements  22 

Multiple-Beam  Network  (lens)  33 

Input  SPNT  Switch  33 

The  costs  of  TWTAs  for  use  in  the  array  are: 

Power  Output  Cost 


20-25  watt  $500  (15,000-unit 

40  watt  $780  (15,000-unit 

At  present,  low-volume  cost  of  a TWTA  is  about  $3 


purchase) 

purchase) 

,000. 


Note  that  the  price  of  the  input  SPNT  switch  is  about  one-third  that 
of  the  array,  based  on  the  present  cost  of  $50  to  $100  each.  Additional  design 
and  development  of  SPNT  switches  was  recommended  to  reduce  the  cost  of  multiple- 
beam  techniques. 


The  selection  of  a phased-array  technique,  scanned-  or  multiple-beam, 
is  somewhat  system-dependent.  However,  for  those  systems  where  either  technique 
is  suitable,  cost  tradeoffs  between  the  two  should  be  made. 


3.  TRANSMITTER  GROUP 

The  transmitter  group  includes  all  components  in  the  RF  chain,  other 
than  those  used  in  reception.  Components  concerned  are  transmit  tubes  and 
drivers  and  associated  high-voltage  supplies,  exciters,  switches,  and  RF  plumbing, 
riiese  components  must  be  compatible  in  respect  to  power  handling,  frequency 
coverage,  and  VSIVR.  To  establish  such  an  overall  capability,  transmitter 
requirements  should  be  based  on  postulated  future  system  needs. 

Component  compatibility  also  requires  consideration  of  interface 
hardware  (i.e.,  RF  connectors,  RF  cables,  high-voltage  wire,  and  high-voltage 
connectors) . 
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a.  Solid-State  Devices 

Active  and  control  types  of  solid-state  components  are  discussed 
below;  those  recommended  for  development  are  tabulated  in  Table  2.  Most  ECM 
requirements  dictate  a broadband  configuration  for  solid-state  amplifiers. 

The  most  common  exceptions  to  this  requirement  are  the  narrow-band,  solid-state 
amplifiers  used  with  expendables,  which  will  not  be  considered  here. 

Solid-state  amplifiers  may  be  considered  for  both  transmitter  and 
driver  applications.  However,  broadband  devices  having  sufficient  bandwidth 
for  transmitter  applications  are  generally  limited  to  frequencies  below  2.5  GHz. 
Above  this  frequency,  broadband,  solid-state  amplifiers  are  limited  to  power 
levels  which  are  only  suitable  for  driver  requirements.  Such  broadband  drivers 
can  be  provided  to  4.0  GHz  using  bipolar  transistors,  and,  at  marginal  power 
levels,  above  4.0  GHz  using  FET  transistors.  Because  solid-state  drivers, 
unlike  TWT  drivers,  do  not  require  high-voltage  supplies,  they  should,  in  time, 
offer  significant  cost  savings.  However,  these  devices  are  presently  near 
state-of-the-art,  and  an  improved  capability  for  producing  such  amplifiers  is 
necessary  to  realize  this  cost  saving. 


TABLE  2.  ACTIVE  AND  CONTROL  TYPES  OF  SOLID-STATE  COMPONENTS 
RECOMMENDED  FOR  DEVELOPMENT 


HIGH  VOLTAGE  SWITCHING  TRANSISTORS 

MICROWAVE  TRANSISTORS 

- AMPLIFIERS 

• HIGH  POWER  (UP  TO  2.5  GHz) 

• DRIVER  POWER  LEVELS  (UP  TO  4 GHz) 

- OSCILLATORS  (VFO  APPLICATIONS  UP  TO  4 GHz) 

IMPATT  DEVICES 

BROADBAND  DRIVERS  ONLY,  ONE-HALF  WATT,  ABOVE  4 GHz 

GUNN  DIODES 

OSCILLATORS  ABOVE  4 GHz 

POWER  SUPPLY  REGULATOR  CONTROL  ICs  (PULSEWIDTH  TYPE) 
VARACTORS  (SILICON  AND  GaAs)  (VFO  APPLICATIONS) 
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In  particular,  further  characterization  and  development  of  the  active 
devices  used  in  these  amplifiers  are  necessary  to  fully  realize  their  potential 
in  reducing  ECM  system  costs.  Also,  as  noted  in  Section  II. 4,  two  of  the  key 
transistor  vendors  are  becoming  marginal  suppliers.  Thus,  to  realize  the  full 
cost-saving  potential  of  using  such  an  important  class  of  component,  it  is 
necessary  to  develop  both  the  components  and  source Cs)  which  can  be  considered 
reliable. 

The  bandwidths  of  bulk-effect  devices  such  as  Impatts,  although  moder- 
ate, still  do  not  fulfill  system  requirements.  In  addition,  the  available 
circuits  do  not  presently  exploit  the  bandwidth  potential  of  existing  devices. 
Therefore,  near-term  developments  of  such  amplifiers  do  not  appear  to  offer 
meaningful  cost  savings. 

Broadband  variable  frequency  oscillators  (VFOs) , which  are  used  as 
exciters  for  many  ECM  system  RF  chains,  typically  employ  transistors  as  their 
active  elements  below  4.0  GHz  and  Gunn  diodes  at  higher  frequencies. 

Successful  cost  reduction  efforts  for  VFOs  will  be  strongly  dependent 
on  appropriate  development  and  characterization  of  both  transistor  and  Gunn 
diode  devices.  As  noted  above,  establishment  of  reliable  sources  is  very 
important.  As  noted  in  Section  II. 4,  development  of  silicon  and  GaAs  varactors 
must  be  continued  if  recent  system  requirements  are  to  be  met. 

Solid-state  microwave  control  and  transistor  switches  are  the  passive 
devices  of  most  interest.  High-power,  solid-state  diode  switches  are  particu- 
larly important,  considering  the  various  antenna  configurations  and/or  antenna 
feed  systems  to  be  implemented.  Switch  capabilities  need  to  be  maintained  at 
a level  compatible  with  the  transmit  tube  power  capability. 

Transistor  switch  devices  are  basic  to  the  highly  efficient  circuits 
being  used  in  up-to-date  power  supplies.  As  noted  in  Section  II.5.b.(l), 
characterization  and  control  of  appropriate  parameters  of  these  switching 
transistors  are  necessary  to  provide  the  performance  necessary  to  meet  low 
cost  objectives. 
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b.  Power  Supply-TIVT  Interface 

System- imposed  TWT  gating  requirements  have  a significant  effect 
on  both  the  TWT  and  its  power  supply.  A major  consideration  involves  the 
decision  to  provide  the  TIVT  with  either  a grid,  an  anode,  or  some  variation 
of  these.  A grid  allows  tube  control  with  the  least  amount  of  voltage  swing, 
but  has  major  impact  on  tube  cost  and  degrades  the  beam  optics.  Such  modu- 
lator considerations  are  of  particular  importance  .vhen  it  is  necessary  to  bias 
the  tube  to  minimize  output  noise  and/or  to  conserve  prime  power.  To  achieve 
cutoff  bias  when  using  an  anode,  the  voltage  swing  required  for  turn-on  is 
too  high  to  permit  achievement  of  the  minimum  delay  switching  times  required 
by  some  systems.  If  only  OV  to  pulse-up  switching  is  required,  then  minimum 
switching  speeds  can  be  achieved  with  an  anode.  Under  such  conditions,  the 
non-cutoff  limitation  can  be  compensated  for  by  programming  the  RF  input  to 
the  transmit  TWT. 

Anode  control  presents  another  problem  during  turn-on,  if  no 
provision  is  made  for  supplying  the  large  modulator  voltage  required  for 
beam  turn-off.  Under  such  turn-on  conditions,  the  helix  current  is  momentarily 
large;  if  the  helix  power  supply  is  incapable  of  supplying  this  current,  the 
tube  will  be  destroyed. 

Generally,  helix  regulation  of  ±1  percent  is  relatively  easy  to 
achieve  without  unusual  costs,  whereas  tighter  regulation  increases  costs. 
However,  such  regulation  may  be  necessary  to  obtain  band-edge  performance  with 
a marginal  TWT.  Tighter  regulation  may  also  be  necessary  to  meet  stringent 
phase  requirements  imposed  by  antenna  arrays. 

A floating  deck  type  of  modulator  can  provide  the  ultimate  in 
electrical  performance  but  significantly  increases  modulator  costs.  Generally, 
the  transformer-coupled  configuration  is  simpler  and  less  costly.  However, 
the  floating  deck  configuration  allows  achievement  of  minimum  rise  and  fall 
times  for  both  short  and  long  transmit  pulses.  If  regulation  and/or  precision 
control  of  tube  bias  are  required,  use  of  the  floating  deck  configuration 
is  obligatory. 
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Band  Coverage 


A fundamental  system  consideration  concerns  determination  of  the 
number  of  transmit  tubes  required  to  provide  both  the  required  band  coverage 
and  the  power  density  needed  by  the  particular  ECM  programs.  This  decision  is 
affected  by  the  threat  density  that  is  to  be  accommodated  and  the  number  of 
threats  that  are  to  be  countered  by  simultaneous,  overlapping  RF  transmissions. 


The  ECM  program  characteristics  that  affect  power  tube  selection 
can  be  divided  into  two  major  categories,  based  on  the  transmit  duty  cycle: 
noise  jammers,  which  require  high-duty-cycle  transmitters;  and  repeater 
programs,  which  require  low-duty-cycle  transmitters.  Some  applications  require 
that  both  types  of  programs  be  implemented  simultaneously. 


Simultaneous  transmissions  can  be  provided  either  by  separate  trans- 
mitter tubes  or  by  one  transmitter  tube  with  appropriate  additional  capabilities. 
This  generally  requires  an  increase  in  the  tube's  instantaneous  power  capa- 
bility so  that  its  total  output  power  capability  is  greater  than  the  sum  of 
the  power  needed  to  counter  each  threat.  Consideration  must  be  given  to  the 
loss  of  power  resulting  in  part  from  the  generation  of  IM  products.  These  IM 
products  may  also  degrade  the  effectiveness  of  the  ECM  programs  being  imple- 
mented. Similarly,  consideration  must  be  given  to  the  effects  of  suppression 
between  some  combinations  of  signals. 


The  requirements  noted  above  for  increased  power  may  be  fulfilled 
either  by  CW  tubes  of  sufficient  power  or  by  dual-mode  tubes.  Dual-mode  tubes 
are  designed  to  allow  pulse-up  during  only  a portion  of  the  operate  cycle  to 
meet  the  increased  power  requirements.  This  allows  the  tube’s  beam  power  to 
be  at  a reduced  level  during  the  remainder  of  the  cycle,  resulting  in  a lower 
drain  on  the  power  supply.  The  duty  cycle  capability  of  this  pulse-up  feature 
varies  greatly  among  the  various  types  of  dual-mode  tubes.  Pulse-up  capa- 
bilities of  tubes  in  production  are  generally  limited  to  2 to  3 dB,  whereas 
higher  pulse-up  ratios  are  presently  limited  to  laboratory  tubes.  These 
higher  pulse-up  capabilities  should  be  considered,  if  appropriate,  for  systems 
whose  implementation  will  start  in  the  next  2 to  3 year  period.  Note  that, 
unlike  some  dual-mode  tubes  of  the  past,  present-day  tubes  of  this  type 
generally  are  implemented  in  a manner  that  will  not  significantly  degrade 
efficiency. 
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Design  procedures  have  recently  become  available  which  have  allowed 


the  optimization  of  broadbanding  techniques.  These  new  designs  have  been 
successfully  incorporated  into  laboratory  tubes,  and  a bandwidth  capability 
of  more  than  an  octave  is  now  considered  to  be  readily  achievable.  As  in  the 
case  of  the  dual-mode  tube  capability,  these  expanded -bandwidth  tubes  can  be 
considered  for  use  in  systems  whose  implementation  will  start  within  the  next 
2 to  3 years.  However,  as  the  bandwidth  is  expanded,  the  need  to  deliver 
increased  amounts  of  simultaneous  power  to  more  threats  is  also  increased. 

Other  tube  capabilities  that  should  be  considered  include  paralleling 
of  tubes  to  achieve  an  increase  in  power.  It  has  been  shown  that  this  approach 
does  not  require  critical  matching  of  components.  Also,  techniques  are  being 
developed  for  applying  the  combined  outputs  of  two  tubes  to  a single  antenna. 
Standard  couplers  can  be  used  to  combine  the  outputs  from  two  tubes  for  appli- 
cation to  multiple  antennas. 

d.  Tube  Family  Standardization 

The  above  discussions  on  solid-state  devices,  power  supply-TWT 
interface,  and  band  coverage  provide  some  of  the  hardware  and  system  background 
needed  to  determine  the  structure  of  the  RF  chain.  Additionally,  the  require- 
ments imposed  ly  system  cost,  weight,  and  size  should  also  be  considered  in 
the  decision  process.  Of  particular  interest  is  the  possibility  that  a smaller 
number  of  transmit  TWTs  can  be  used  to  cover  the  required  bandwidth.  This 
possibility  is  important  because  additional  power  can  often  be  obtained  from 
a single  tube  with  significantly  less  than  a proportional  increase  in  cost. 

However,  such  increased  band  coverage  by  a single  subsystem  may  impose 
some  difficulties  on  the  transmit  antenna  and  the  RF  plumbing  interconnecting 
the  transmitter  and  the  antennas.  A cost  tradeoff  based  on  projected  system 
requirements  is  needed  to  determine  the  number  of  channels,  the  bandwidth  of 
each  channel,  and  the  power  outputs  from  each.  Similarly,  any  component 
developments  that  are  necessary  to  provide  the  desired  system  structures 
»hcHjId  be  determined. 
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4. 


AIRCRAFT  INTEGRATION 


Certain  design  decisions  and  tradeoffs  which  deal  with  aircraft 
integration  also  have  major  design  impacts  upon  the  overall  ECM  system.  These 
technical  areas,  which  were  discussed  in  Section  II. 8,  include  aircraft  signature 
control,  ECM  pods  vs  on-board  equipment,  air  vs  liquid  cooling,  nuclear  harden- 
ing requirements,  creation  of  benign  operating  environments  to  facilitate  use 
of  commercial  components,  and  the  use  of  techniques  such  as  multiplexing  (MUX), 
Digital  Avionics  Information  System  (DIAS),  Multi-function  Elemental  Systems 
Approach  (MESA),  and  integrated  packaging. 

Two  of  these  technical  areas  (aircraft  signature  control  and  ECM 
pods  vs  on-board  equipment)  warrant  additional  discussion  which  is  beyond  the 
scope  of  the  aircraft  integration  panel  recommendations. 

a.  Aircraft  Signature  Control 

Control  of  radar  cross  section  and  infrared  signature  should  be 
required  in  new  aircraft  and  external  stores  design.  There  is  a basic  overall 
cost  and  performance  tradeoff  between  alternative  approaches  of  reduction  of 
radar  cross  section  via  basic  design  and  use  of  radar-signal-absorbent  materials 
vs  the  higher- ECM- radiated-power  requirements  for  an  unmodified  airframe.  Air- 
frame redesign  and  the  use  of  radar-signal-absorbent  materials  may  increase 
the  airframe  cost  and  may  slightly  degrade  the  aerodynamic  performance,  but 
will  mean  that  the  output  power  required  from  the  ECM  equipment  to  protect 
the  aircraft  will  be  reduced.  The  reduction  in  radiated  power  requirements 
means  a smaller,  lighter,  less  expensive  ECM  suite  and  a reduction  in  electri- 
cal power  requirements,  resulting  in  a decrease  in  aircraft  gross  weight,  an 
increase  in  available  thrust,  and  an  increase  in  aircraft  performance. 

b.  EW  Installation  - Pod  vs  Internal 

The  preferred  approach  to  aircraft  EW  system  design  (from  an  aero- 
dynamic performance  standpoint)  is  internal  installation  with  adequate  growth 
provision  (by  modular  add-ons)  to  reduce  the  impact  on  installations  cost  and 
aircraft  performance.  The  aircraft  integration  panel  indicated  that  future 
aircraft  would  have  sufficient  planned  capacity  for  ECM  growth,  in  response 
to  new  or  modified  threats,  so  that  patch  ECM  fixes  are  not  anticipated. 
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Past  history,  however,  belies  this  assumed  capacity  and  it  is  contended  that 
planned  pod-mounted  ECM  equipment  for  certain  types  of  new  aircraft  has  several 
advantages,  namely: 


centralized  ECM  equipments 

minimization  of  black  boxes  and  cables  in  the  aircraft 
simpler  aircraft/ECM  interface 
easier  modification  to  ECM  system 
less  inter-aircraft  interference 
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Section  IV 

RECOMMENDATIONS  OF  STEERING  COMMITTEE 


1 


I 


The  Lower  Cost  ECM  Conference  steering  committee,  after  reviewing 
the  panel  reports,  isolated  those  recommendations  they  felt  were  most  important. 
This  section  summarizes  the  output  of  this  panel.  The  recommendations  are 
divided  into  two  categories:  technical  and  institutional. 

1.  SUMMARY  OF  TECHNICAL  RECOMMENDATIONS 

a.  Transmit  Tubes 

1.  Conduct  a detailed  (one  contract)  intensive  study  of  the 
following  six  areas  of  development.  The  study  should  find 
the  potential  payoff  (ROI  or  $)  if  money  is  spent  in  each 
of  the  areas.  This  should  be  followed  immediately  by  a 
consolidated  development  program. 

• Improved  collectors  - to  increase  efficiency 

• Improved  electron-gun  and  focusing 

• New  cathode/grid  material 

• Improved  dual-mode  pulse-up  capability 

• Increased  bandwidth  - to  improve  band  edge  performance 

• Improve  tube  stability  - to  improve  yield 

2.  Expand  ASD's  program  on  depressed  collectors,  to  double 
efficiency  from  20%  to  40%. 

3.  Study  paralleling  TWTs  to  trade  bandwidth  against  the  number 
of  tubes  and  associated  plumbing. 
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and  polar  discriminators. 

3.  To  reduce  costs  of  channelized  receivers,  develop  SAW 
technology. 

4.  To  reduce  costs  of  microscan  receivers,  start  with  VCOs 
and  dispersive  delay  lines. 

5.  To  allow  cost/perrormance  requirements  studies,  develop 
detailed  digital  models  of  receivers. 

c.  Antennas,  Radomes,  and  Transmission  Lines 

1.  Logistics  Command  will  study  and  report  to  the  committee  as 
to  whether  the  following  would  result  in  a significant  cost 
reduction.  If  so,  it  is  a Materials  Laboratory  task  to 
consider  materials  improvements  that  would  lead  to  lower 
costs.  In  particular: 

• Radome  and  rain  erosion  coatings 

• Lower  loss,  reproducible  ferrite  fabrication  techniques 

• Ceramic  fabrication  techniques 

d.  Microwave  Components 

1.  Significantly  reduce  cost  of  rejects  and  designs  by  developing 
a new  stripline  board  material. 

• A new  board  material  is  required 

• Improved  quality  control  of  boards 

• Board  parameters  must  be  measured  during  production 
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e. 
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Povver  Supplies 

1.  Perform  the  following  tasks  in  a comprehensive  program  with 
an  industrial  firm  knowledgeable  in  materials  and  techniques 
for  handling  high  voltage. 

• Develop  standards  for  high-voltage  potting  materials 
so  that  uniformity  from  batch  to  batch  with  reliable, 
predictable  characteristics  may  be  purchased, 

• Develop  new  feed-through  seals  and  standards  for  these 
seals  which  minimize  the  coolant  leakage  problem. 

• Consider  research  and  development  program  which  would 
lead  to  major  breakthroughs  in  high-voltage-encapsulating 
schemes . 

• Develop  new  high-voltage  wire  and  new  standards  for 
high-voltage  wire. 

• Develop  new  high-voltage  connectors  and  standards  for 
high-voltage  connectors. 

2.  Consider  electrical  power  requirements  for  new  aircraft 

and  either  3 kHz  or  4 kHz  high-frequency  power  at  115V/208V, 
three  phase.  Major  considerations  are  EMI,  shielding,  motor 
speed,  bearings.  [Note  MA-1  has  1800-Hz  power  supply.) 
Incorporate  the  power  supply  in  an  isolated  system,  e.g., 
a pod,  expendable  drone,  etc. 

3.  Study  200V  DC  distribution  system  with  DC-DC  converters  in 
each  ECM  set. 

4.  Examine  the  effects  of  EMP  and  specify  nuclear  survivability 
design  data. 
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Solid-State  Power  Amplifiers 


1.  Cease  funding  of  any  developments  of  standard  active  high- 
power  transistors  for  frequencies  above  2.5  GHz. 

2.  Cease  funding  of  any  GaAs  or  Impatt  devices  for  ECM, 
except  as  a low-power  driver. 

3.  Continue  funding  to  AFAL/TE  to  do  the  following: 

• Advance  the  development  of  power  transistors 
(50  MHz  to  2.5  GHz) 

To  improve  reproducibility 

Generate  a family  of  standard  transistors 

• Once  appropriate  transistors  exist  (first  two 
recommendations),  design  standardized  amplifiers. 

• Reduce  insertion  loss  of  microwave  components  employed 
with  amplifiers. 

g.  Logic  Systems 

1.  Study  and  publish  a paper  on  the  possibility  and  limitations 
of  standardized  deinterleaving,  parameter  derivation,  ECM 
technique  generation,  FFT,  coordinate  transformation.  The 
purpose  is  mainly  to  isolate  areas  where  standardization 
would  have  a high  payoff. 

2.  Develop  standardized  interfaces,  so  that  microprocessors  or 
LSI  can  be  interchangeable. 

3.  Develop  small,  high-speed  modularized  microprocessors. 

4.  Study  to  determine  appropriate  LSI  building  blocks  for 
unique  ECM  functions  which  are  common  among  many  ECM 
equipments. 

5.  Continue  efforts  to  have  standardized  software  languages. 
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h. 


Aircraft  Integration 


1.  Build  an  anechoic  chamber  for  aircraft,  with  emphasis  on  EMI. 
This  testing  is  too  expensive  to  do  in  an  airborne  situation. 

2.  Build  an  antenna  pattern  measurement  facility  (open  air, 
upside-down  aircraft) . 

3.  Group  A costs  often  exceed  Group  B costs.  To  minimize 
these  costs,  the  first  step  is  to  develop  techniques  for 
improved  cable  and  RF  transmission  line  systems. 

• Integrated  development  approach 

• Foster  competition 

4.  Signature  control  (RCS,  IR,  etc.)  should  be  a requirement 

in  new  aircraft  and  external  stores  design.  Consider  trades 
such  as  EW  vs  Mach  No.,  conformal  weapons  and  pods,  etc. 

i.  System  Design 

1.  Compile  a catalog  of  selected  industry-developed  MIC 
modules  and  develop  a standard  line  of  MIC  modules. 

2.  Use  "LSI"  on  MIC  to  eliminate  connectors  and  minimize  bulk. 

3.  Study  the  feasibility  and  applications  of  a frequency 
synthesi zer--particularly  to  eliminate  VCOs . 

4.  Do  not  develop  multi-octave  TWT  until  it  is  analyzed  in  a 
trade-off  study  against  multiple  narrow-band  tube  options. 

2.  SUMMARY  OF  INSTITUTIONAL  RiXOMMENDATIONS 

a.  Transmit  Tubes 

1.  Do  something  to  avoid  specifying  performance  beyond  the  SOA, 
and  beyond  the  knee  of  the  survivability  vs  power  curve. 
Actions  before,  during,  and  after  CDR  were  suggested. 

• Train  program  managers. 

• Flexibility  to  relax  specs  after  the  contract  is  signed. 

• Use  incentive  (performance)  to  improve  to  SOA. 
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2. 


1 

1 

Be  sure  that  cost  savings,  not  technology  expansion,  is  the 
goal  of  any  development.  Otherwise,  someone  will  now  specify 
the  newly  attainable  performance,  and  costs  will  go  up. 

3.  Develop  standard  families  of  tubes,  connectors,  and  leads, 
particularly  drivers  and  power  amplifiers  (tri -service) . 

Each  year,  advance  the  standard  to  be  current. 

b.  Receivers 

1.  Standardize  a receiver  of  each  type.  (There  is  a subissue 
of  whether  to  start  from  scratch  or  build  on  an  existing 
equipment.)  One  reason  for  doing  this  is  to  standardize  parts. 

2.  MIL-SPECS  should  be  flexibly  applied  on  a case-by-case  basis. 

Encourage  companies  to  comment  on  the  MIL-SPEC  before  signing 
each  contract. 

3.  Try  to  streamline  qualification  of  parts,  especially  ICs. 

They  are  now  becoming  available  much  faster  than  they  are 
being  qualified. 

4.  Apply  design-to-price. 

5.  Find  a feasible  way  to  use  warranties. 

• MIL-SPECS  keep  getting  more  stringent  (to  protect 
the  government),  so  costs  go  up. 

• Study  ways  of  enforcing  warranties. 

• If  there  are  warranties,  commercial  parts  could  be 
substituted  for  MIL-SPEC  parts. 


6.  Consider  substituting  commercial  parts  for  MIL-SPEC 
parts . 


c. 


Antennas,  RadomeSj  and  Transmission  Lines 
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1.  Define  who  should  standardize  and  be  responsible  for 

standardization  CAFSC?^.  This  applies  to  all  areas--not 
just  this  panel. 

d.  Microwave  Components 

1.  AFAL/TE  has  a workshop  on  the  items  listed  below.  It 
should  receive  the  necessary  support  and  continue  until 
it  results  in  a Military  Standard. 

• Standardize  the  definitions  of  V^CO  performance 
parameters . 

• Standardize  the  tuning  voltage  interface  between 
VCO  and  system. 

2.  Eliminate  discontinuous  short-run  production.  Again, 
standardized  interfaces  will  help  achieve  this  goal. 

e.  Power  Supplies 

1.  Have  the  TWT  vendor  supply  the  power  supply  as  an  integral 
part  of  the  tube  to  minimize  interface  problems. 

f . Aircraft  Integration 

1.  The  earlier  the  planning  for  integration/installation,  the 
greater  the  savings.  The  anechoic  chamber  and  pattern  range 
are  needed  to  facilitate  this  planning. 

g.  System  Design 

1.  A service  test  phase  should  be  initiated  as  part  of  the 
R§D  cycle. 


11. 
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